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The relation of the health of the host and other factors to infection 
of Apium graveolens by Septoria Apii 


H. E. THOMAS 


Students of immunity and susceptibility have been slow to 
recognize any fundamental distinctions in the relations of host 
and parasite in the great group of organisms which cause disease 
in plants and animals and yet the concepts of saprophyte, semi- 
saprophyte, and obligate parasite have been current at least since 
the time of DeBary. Under the influence perhaps chiefly of 
Ehrlich’s side chain theory of immunity, degrees of resistance have 
been regarded on the one hand as inversely parallel to the virulence 
of the attacking organism and on the other hand as directly 
parallel to the vigor of the host. In plant pathology this view has 
been particularly prominent in the literature of the facultative 
parasites. With the development of the science of immunity, 
the animal pathologist has gone so far as to regard the interactions 
of host and parasite as specific in each case. It is becoming 
increasingly apparent that the specificity in the relation of plant 
pathogens with their hosts must be reckoned with. The sapro- 
phytic fungus may be able to live on dead tissue from a wide range 
of plants, sometimes showing little preference for any one of them. 
The semisaprophyte may or may not be more limited in its food 
range on dead material and attacks from one to a considerable 
number of living plants with varying degrees of virulence and 
with variable results to the hosts. The obligate parasite is usally 
still more restricted in its host range and is much more closely 

The BULLETIN for December (47: 555-508) was issued Deceember 28, 1920.] 
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adapted to the living host, having completely lost the ability to 
grow on dead tissue even that of its most common host. In the 
more highly specialized forms, the relation may become specific 
to such a degree that a comparatively slight change in either host 
or fungus will completely change the virulence of the parasite or 
the effect on the host. It is to be expected, after the long period of 
association necessary for the close adaptation of fungus to host, 
that both would be more or less similarly influenced by their 
environmental conditions. I shall present data to show that the 
infection of Apium graveolens by Septoria A pii is favored by con- 


ditions which accelerate the growth of the host. 


HISTOCICAL INTRODUCTION 

The late blight of celery was first reported in the United 
States in 1891 by Chester (4) and Humphrey (15). It had been 
described the previous year from Italy by Briosi and Cavara (3), 
probably the earliest record of the disease. Prillieux and Dela- 
croix (29) reported it in France in 1894, and Sorauer (35) recorded 
its occurrence in Germany in severe form in 1896. It came to 
the notice of Salmon (34) in England about 1906. By 1897 the 
disease in America had spread to California and was reported by 
Rogers (31) as a serious pest in that state. An interesting sug- 
gestion as to the possible source of origin of the disease on culti- 
vated celery comes from Pethybridge (26). This author found 
on wild celery a fungus which appeared to be identical with the 
form on the cultivated crop. He was able to transfer it to culti- 
vated celery and produce typical infection. The wild form was 
growing in comparatively complete isolation and Pethybridge 
believes it very unlikely that the fungus could have spread from 
cultivated plants to this host. Hence he concludes that the wild 
form is probably the source of the pest. Dorogin (9) in Russia 
reports a new species of Septoria on celery, S. A pii graveolentis, in 
addition to the common species. The former is said to be more 
destructive than the latter. During the early and middle parts 
of the growing season no severe infection of celery is usually 
noted, although Salmon (34) found that serious damage was done 
throughout the growing season. Further study of the relation of 
this disease to temperature and other seasonal conditions is 
needed. 
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Duggar and Bailey (10), Clinton (5 p. 267), and Link and Gard- 
ner (19) have observed that both celery and celeriac are attacked 
by Septoria in storage. The first authors noted that over 50 per 
cent of the stored crop was made unsalable by this fungus in 
one instance. A 

No extensive observations seem to have been made on the 
degree of susceptibility of the commercial varieties of celery to 
the late blight. Salmon (4) tested several varieties and arranged 
them in the following series, the first being most susceptible: 
Solid. White, Clark’s Early Market, Superb Pink, Giant Red, 
Standard Bearer, celeriac. Howitt (4) noted that Golden Self 
Blanching was particularly susceptible. White (42) concluded 
in general that Golden Self Blanching was very susceptible to 
disease while Henderson’s Easy Blanching was comparatively free 
from disease. On wild celery Pethybridge (26) found fewer and 
smaller spots produced by Septoria, which seemed never to kill 
the leaf entirely. He states that the fungus occurs on parsley 
though rarely in the British Isles. Cooke (7) and others have 
considered the forms on celery and parsley identical, although I 
have found no record of the transfer of the Septoria from one of 
these hosts to the others. 

Some interesting observations were made by Kinney (16) on 
the relation of cultural practice to blights of celery. He found 
that the amount of disease was reduced by mulching with seaweed, 
soil, coarse manure or even blighted leaves. Plants grown in the 
shade of trees seemed to be less subject to “blight.”” Unfortu- 
nately the author did not distinguish between Septoria and Corco- 
Spora blight. Zobel (43) believes that reduction of the amount of 
manure in the trenches and top dressing the soil with kainit 
greatly reduced the amount of Septoria in England. 

Attempts to avoid or control the late blight, while not uni- 
formly successful, are in practical agreement in the essentials. 
Rogers (31), Salmon (34), Howitt (14), Coons and Levin (8), and 
Krout (18) obtained practical control of the disease with Bordeaux 
mixture. 

MATERIALS AND METHODS 

I have attacked the problem of the relation of health, age and 

other conditions to susceptibility by means of inoculation experi- 
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ments with celery in the greenhouse, where the health of the host 
was altered by various experimentally controlled conditions, 
Each set of plants was accompanied by control plants and no 
attempt has been made to compare in any detail plants inoculated 
at different dates or plants which for any reason cannot be referred 
to the same control plants. Some experiments with hosts other 
than celery were made to show the host range of the Septoria 
and will be taken up in detail later in the paper. The plants 
were grown in pots usually in garden oil which was screened and 
mixed to obtain uniformity. Inoculations were made by atomiz- 
ing with a suspension of spores taken from infected leaves. The 
plants of a series were placed in a group, alternating test and con- 
trol plants, and were atomized from above and from the sides to 
obtain maximum dosage. The spore suspension was diluted in 
one case I to 10 and in another 1 to 20 without any marked de- 
crease in the amount of infection produced. The counts in these 
cases were not high, however. The inoculation chamber was a 
rectangular box constructed from window sashes and lined with 
burlap which was saturated with water at the time of inoculation. 
lhe plants were usually kept in the inoculation chamber about 
forty-eight hours. Since Septoria spreads only slightly in the 
dry atmosphere of the greenhouse and since celery is little 
affected by other pests under these conditions, this is a particu- 
larly convenient form for study. The difficulty of accurately 
measuring the amount of infection was obvious here as in all 
infection experiments. However, when only plants of equal age 
and approximately equal size are compared it seems accurate to 
count the total number of spots per leaf or per plant. This 
method is not satisfactory in older plants in variety tests since 


there is considerable difference in the size of mature plants of 


different varieties. The methods employed for the computation 


of leaf area are too unwieldy for use with plants in any considerable 


numbers. 
NAME OF THE PARASITE 
The specific name of the Septoria under consideration is in- 
volved in one of the more or less hopeless name tangles which 
serve so frequently to confuse the minds of botanical workers. 


Chester (4) in making one of the earliest reports (1891) on the 
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fungus in America expresses uncertainty as to the identity of the 


species but includes a description of the fungus and states that if 


‘ 


it is a new species it “‘might be named Septoria Apiui.”” Rostrup 
(33) in Denmark (1893) published the same name apparently 
independently. Briosi and Cavara (3) published their variety 
of Septoria Petroselinit in 1890 (appeared 1891). Klebahn (17) 
reviewed the situation at some length, examined the exsiccati and 
decided in favor of the name S. Api Rostr. Quanjer and Slagter 
in Holland (30) and Coons (8) in this country have treated the 
fungus under the same name. It will be noted later that the 
fungus I have studied, so far as it has been tested, does not produce 
infection on parsley either in the greenhouse or in the field. It 
has already been pointed out that no report of cross inoculations 
has been found in the literature,.although a number of authors 
have taken it for granted that the form on parsley and the one 
on celery are identical. Therefore, whether or not it be granted 
that the failure to cross infect between these closely related hosts 
be considered ground for making a specific distinction, I shall 
continue to use the name S. Apii Rostr., especially since it is 
already quite widely distributed in the literature. The question 
of nomenclature may well be left till our knowledge of the life 
history of the fungus is completed by the discovery of an ascigerous 
stage. 
CHARACTER OF THE SPOT 

The spots on the celery leaves when mature are rounded, 
brownish, and usually quite distinct in outline. In severe cases, 
as the leaves become older and the spots more numerous, the 
tissue between the spots breaks down and the entire leaf may 
wither. Pycnidia may, however, appear while the spot is still 
quite or entirely green. In this respect S. A pit is widely removed 
from those species in which the pycnidia ripen after the develop- 
ment of a well-marked discolored area. The mycelium of the 
fungus is at first intercellular and may spread at least from one 
to two millimeters through the tissue before the cells of the host 
break down. This stage is reached after from ten to fifteen days, 
depending on the temperature, the condition of the host, and 
perhaps other factors. The collapse of the mesophyll and palisade 
cells is quite complete and leaves little more than the epidermal 
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layers with fragments of leaf cells mingled with the mycelium of 


the fungus making up the spot. Pycnidia begin to form before TI 
the tissue breaks down, in fact it is not uncommon, as has been sn 
noted, to see, with the hand lens, mature pycnidia with ostioles on se 
tissue which is still green and in which no shrinkage can be detected. T 
The pycnidium originates usually if not always in an intercellular al 
space, frequently in the substomatal cavity and as it increases in ti 
size the adjacent cells are broken down and successively become 

| replaced by the heavy thick-walled hyphal elements. Occa- 
sionally a portion of a cell may remain intact until its lumen is 
tightly packed with the mycelium. The origin of the pycnidium . 
is not necessarily always subepidermal but may be at any point d 
in the mesophyll or palisade tissue. | On the petiole, however, the 8 
pycnidia seem to be restricted. to the outer layers, none having t 
been observed deeper than the third or fourth cell layer. When y 
the leaf tissue collapses the pycnidia become more conspicuous, ¢ 
projecting above the general level of the spot. From the sharp- , 
ness of the margin, which appears macroscopically between the . 
spot and the surrounding tissue, it might be concluded that the . 
margin of the mycelial growth is coincident or nearly so with the 
margin of the spot. In sections, however, the mycelium is found ; 
at a distance of several cell diameters in advance of the breaking 


down of the tissue. It has been noted further that pycnidia are 
visible with low magnification in the green margin surrounding 
the spot. As the spot ages, there is a reduction in the green color 
of the tissue immediately surrounding it. Strangely enough, 
however, when the leaf yellows from age this partially yellowed 
region retains its color longer than any other portion of the leaf. 


Whether or not the green is intensified in this area as it diminishes 


Ss ee 


elsewhere, I am not able to say from my observations. However, 


it is plain that in some way the fungus has caused the prolongation 


a 


of the life of the cells in this region beyond that of the cells of the 


= 


remainder of the leaf. This is further evidenced by the fact that 
on petioles which are wilted gradually, the loss of both chlorophyll 
and water is inhibited in the vicinity of infected spots, especially 
the smaller spots (which do not lose any considerable amount of 
water through the dead tissue). This condition was especially 






marked in a plant in the field which had its lower roots cut by 
mice and was wilting slowly. 
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On the seed the fungus does not produce a definite spot. 
The pycnidium is found imbedded in the pericarp with only a 
small spreading of the mycelium into adjacent tissue. In the 
sections studied, the mycelium did not penetrate to the embryo. 
That this may occur, however, seems reasonably to be expected 


and it would probably result in most cases in inhibiting germina- 


tion of the seed. 


CULTURAL CHARACTERS OF THE FUNGUS 

The fungus grows readily although slowly on a variety of 
media in pure culture. On starch,* beef peptone, and celery 
decoction agars the fungus produced somewhat greater radial 
growth at comparatively low temperatures (13°-19° C.) than at a 
temperature ranging from 22° to 27° C. On starch agar, which 
was the most satisfactory medium tested, a colony 15-18 mm. in 
diameter was produced in four weeks with mature pycnidia and 
considerable superficial fine white mycelium. As the culture 
ages the mycelium becomes coarser and darker until finally the 
surface of the medium is covered with a dense black weft. On 
the agar prepared from a decoction of celery leaves, the growth 
is similar to that described above but less vigorous. In marked 
contrast is the colony produced on ordinary beef peptone agar. 
The mycelium is dark and coarse from the beginning, radial 
growth is small and the result is an irregularly pulvinate colony 
very densely compacted. A somewhat similar growth was ob- 
tained on steamed coconut, bean stems, and petioles of celery 
and beet. When celery leaves were mixed with garden soil and 
steamed, no growth of the fungus could be obtained. Clean 
white sand was substituted for the soil and a good vigorous growth 
followed even spreading into the sand adjacent to the celery tissue. 


SPECIALIZATION OF SEPTORIA APII AS TO HOSTS 


It has been accepted by a number of pathologists in Europe, 
America and elsewhere that the Septoria of celery is transferable 
to parsley and vice versa, although I have found no record of 
inoculations to settle this question definitely. I have attempted 
to determne to what extent the celery fungus has become special- 


* Czapek’s formula, with 10 gm. corn starch substituted for the sugar. 
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ized in its choice of a host by inoculating plants from the following 
groups: (a) plants of the family Umbelliferae, including varieties 
of celery; (6) miscellaneous plants, nearly all of which are known 
to be hosts of Septoria. The varieties of celery were tested both 


in the greenhouse and in the field. TABLE I shows the relative 


TABLE | 


RELATIVE SUSCEPTIBILITY OF VARIETIES OF CELERY UNDER GREENHOUSE 


CONDITIONS* 


Average numbe f spots per plant 
Va y 
plants First ino S nocu- 
4 n a 

White Plum 15.7 170.5 
New Rose 10 8.4 167.0 
Golden Self Blanching 12 15.2 124.1 
Giant Pascal 12 4.0 103.0 
Winter Queen 12 2.4 51.4 
Golden Half Dwart 12 0.1 43.7 
Ci ria II 3.2 3-0 


susceptibility of six of the common varieties of celery and of 


celeriac under greenhouse conditions. The plants grown in the 


greenhouse were six to eight inches high at the time of the first 
inoculation (June 26 and June 30), and were quite uniform in size 
(except the variety, Giant Pascal, which was somewhat larger). 
The plants were not in a vigorous growing condition judging from 
the yellowing of outer leaves and the slow rate of growth. It will 
be noted that the first inoculation produced comparatively low 
counts. The plants were inoculated again without repotting on 
August 27 and August 29 when conditions were more favorable 
for infection. The data as far as they go suggest that there is 
some consistent difference in varietal susceptibility, although no 
variety shows any pronounced resistance. The white varieties, 
Golden Self Blanching and White Plume, show especial suscep- 
tibility. In the field the variety test included the varieties 
Boston Market and Henderson’s Easy Blanching, in addition to 
the varieties used in the greenhouse. The estimation of damage 
done by the fungus was much less simple in the field than in the 


* A number of these plants were found to be infested by nematodes. However, 


among the lowest counts resulting from the infestation were those of three plants 
of the variety, White Plume, which stands highest in the total counts. Hence it 
does not seem that the presence of the nematodes materially affects the position of 
the varieties as presented here. 
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greenhouse. The season was favorable for vigorous development 
of the fungus and as a result the spots soon ran together and 
caused the collapse of the entire leaf. Consequently the method 
of counting spots could not be used. The total weight of celery 
produced would be inaccurate as an index of the severity of the 
attack, since the varieties differ normally in the weight of the 
mature plant. However, certain general conclusions can be 
drawn from the gross appearance of the plants at the end of the 
season. The plants were inoculated by atomizing a single plant 
of each variety on August 5. On October 29, at the time of digging, 
the variety Golden Self Blanching had been so severely damaged 
that only a few living leaves remained. During the latter part of 
the season while the plants were blanching, a soft rot was asso- 
ciated with the late blight on all of the varieties. This was 
especially severe on the Golden Self Blanching and seemed to 
follow in areas of dead tissue killed by the Septoria, especially on 
old leaves. The unusually wet period at that time would have 
favored the development of the various saprophytes which are 
present under such conditions. Of the varities other than Golden 
Self Blanching, there was no easily recognizable difference in 
susceptibility. Easy Blanching (Henderson’s) seemed to with- 
stand the blight and subsequent rot slightly better than the other 
varieties. White Plume, a self blanching form, was not notice- 
ably poorer than the green varieties. An accurate method of 
estimating the amount of infection would probably have shown 
differences which could not be noted with certainty from the 
general appearance. 

Infection tests on various Umbelliferae and a considerable 
number of miscellaneous plants have shown that the species of 
Septoria under consideration here is very limited in its host range, 
if not entirely restricted to the single species, Apium graveolens, 
and its variety rapaceum. Parsley (Petroselinum sativum) has 
been inoculated repeatedly in the greenhouse under controlled 
conditions but no sign of infection has been produced. The 
tests included the plain leaved parsley (two varieties), the curly- 
leaved type and the Hamburg or turnip-rooted parsley. The 
plain parsley was grown in the field in a row adjacent to heavily 


infected celery but infection was never found on any of the 
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plants. Whether there are other strains of the fungus which in- 
fect both celery and parsley is a question of interest, both theoret- 
ically and practically, and should receive further attention. The 
various other hosts tested were grown in pots in the greenhouse 
and inoculated with celery plants in every case to check on the 


conditions for infection. The following plants were tested: 


UMBELLIFERAE 
Anethum graveolens L., dill 
Anthriscus cerefolium (L) Hoffm., chervil (beaked parsley) 
Carum Carvi L., caraway 
Coriandrum sativum L., coriander 
Cryptotaenta canadensis (L.) DC., hone wort 
Daucus Carota L., carrot (both wild and cultivated) 
Foeniculum officinale All., fennel 


Osmorhiza sp., sweet cicely 





Pastinaca sativa L., parsnip 
Petroselinum sativum Hoffm., parsley (plain leaf, curly leaf, 
and Hamburg varieties) 

Stlaus Besseri 
MISCELLANEOUS 
Antirrhinum majus L., snapdragon 

Beta vulgaris L., beet (sugar and garden varieties) 

Lactuca sativa L., lettuce 

Lobelia sp. 

Lycopersicum esculentum Mill., tomato 

Nicotiana Tabacum L., tobacco 

Pisum sativum L., pea 

None of the plants listed here developed any sign of infection. 
From these data it must be concluded that the Septoria of celery 
has reached a comparatively high degree of specialization as to 
its hosts. These results agree essentially with those of Beach (1), 
working with a considerable number of other species of the genus 
Septoria. 


EFFECT OF FERTILIZERS UPON INFECTION 


Realizing that the terms health, vigor, and vitality are vague 





and difficult of definition in plants as in animals, I have attempted 
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*h in. to modify these conditions in celery plants by various methods of 
oret- feeding and handling to determine the influence of such treatment 

The upon the interaction of host and parasite. The direct effect upon 
louse the plants has been visible in some cases in the increase or decrease 
| the in growth, the putting out of new leaves or the dropping of old 


leaves and in the turgidity of the tissues. In other instances the 
reaction to the treatment was not so directly evidenced. The 
difficulty in obtaining properly controlled results is obvious, but 
I have made a number of experiments to test the amount and 
character of the infection produced by inoculating plants in 
different conditions of health more or less artificially induced. 
One of the first striking results noted was that which was 
produced by treating pot bound plants with sodium nitrate in 
solution. Five plants in four-inch pots of garden soil received 
each 1 gram of sodium nitrate in 100 c.c. of water. In this and 
in the succeeding experiments, the control plants received an 
amount of water equivalent to that used in the solution with the 





af, nutrient. The plants were inoculated at the time the nitrate 
solution was added. 
TABLE II 
INCREASE IN INFECTION PRODUCED BY TREATING POT BOUND PLANTS WITH SODIUM 
NITRATE SOLUTION 
Average No. 
Plant No s ]oe fos | 4 | 5 | shrpame, spatipe 
Sodium nitrate 348 185 177 189 238 10.6 24.3 
Control 234 97 11 43 38 8.0 10.6 
TABLE II shows the very marked increase in infection obtained 
n. upon the plants which received the fertilizer. This difference is 
Yy unusually marked due to the fact that the plants were badly pot 
0 bound and growth had been markedly checked. 
), With the garden soil used, the addition of calcium sulfate 
s in the dry form, as it has been used in agricultural practice, pro- 
duced a small decrease in infection. This series was prepared by 
mixing about five grams of calcium sulfate with the soil of each 
pot at the time of repotting. Twenty-four days later these plants 
3 were inoculated with controls. After the records were taken 


these plants were kept upon the greenhouse bench in compara- 
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tively dry atmosphere until the infection had largely been thrown 
off. They were again inoculated July 10, nine weeks after the 
first inoculation. 


TABLE III. 


The results of both inoculations are shown in 


The lower counts on the second inoculation may be 


rABLE III 


DECREASE IN INFECTION UPON PLANTS TREATED WITH CALCIUM SULFATE 
First in ilatior Se nd in tion pots Spots 
: per plant per plant, 
' tN first inocu second 
1 ’ 4 é 1 ‘ ( ation inoculation 
Cast) 28 Ry 301 1 50 be 28 = 14 80 79 335.1 57-3 
Control 3 308 405 342 35 4 17 ‘ 5 3¢ 420. 99.0 


explained partly by the fact that the plants had by this time be- 
come pot bound and partly by the influence of seasonal conditions, 
for during the warm weather of midsummer, no high infection 
counts were obtained on any plants in the greenhouse regardless 
of their condition. It will be seen that there is a consistent de- 
crease in the counts on the treated plants from both inoculations. 
The plants were not appreciably altered in appearance by this 
application. 
rABLE I\ 


EFFECT UPON INFECTION OF FEEDING WITH VARIOUS FERTILIZERS AND IN ONE CASE 


TOP DRESSING WITH LIMI 


A werant Average 
Plant N ‘ ( , 8 N No. 
es Spots 
per leaf 
Control 246 607 168 143' 614 799 400 1,139 589 106 6.0 82.¢ 
KHePO 506 412 778/318 385 9251,117| 592144362 6.5 85.2 
Ca(NOs)2 andKNOs 412 4290 723\286 779 982 645 748 260376 6.3 39.5 
Complete nutrient 
solution 559 062 1,237:270 1,009 1,242 543 403 247429 6.9 95-7 
Sheep manure 194772 461576 522 5-0 113.0 
Hydrated lime 
CaCO 103 2590 518304 430 5.6 60.8 


With these results in mind further tests were planned to include 
complete fertilizers as well as their components. A nutrient 
solution was prepared according to a Pfeffer formula (27): 4 
gm. calcium nitrate, I gm. potassium nitrate, I gm. magnesium 
sulfate, I gm. potassium acid phosphate, 0.5 gm potassium chlo- 


ride, trace of ferric chloride, were dissolved in 3 liters of water. 
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Ten plants received each 100 c.c. of this solution. Two other 
sets of ten plants were treated respectively with nitrates and 
phosphates equivalent to the amounts fed to the first set in the 
complete nutrient solution. Five plants received 5 gm. each of 
hydrated lime on the surface of the soil and the soil of five others 
was top dressed with sheep manure. All of these plants were 
inoculated together with controls immediately after the addition 
of the fertilizers. The infection counts from them are shown in 
TasBLe IV. All of the plants seemed vigorous in their gross 
appearance except those treated with lime. In this case the 
roots in the upper inch or so of the soil were discolored and some 
appeared to be killed outright. The leaves appeared somewhat 
less turgid and vigorous than those of the other series. 

The small margin of difference between the controls and 
treated plants, especially in the case of the phosphate, makes the 
results appear doubtful. It must be borne in mind, however, 
that the concentration of the solutions was that recommended 
for water cultures and did not result in marked increase of growth 
in the treated series. When it is considered that each plant in 
the nitrates series receives only 0.166 gm. of the salt, it will be 
seen that striking results cannot be expected except with the lime 
and manure whch were applied in considerable quantity. How- 
ever, the results are in accord with those of the other experiments 
reported here. Whether or not the increase in new growth under 
field conditions would enable fertilized plants to increase the total 
yield in spite of increased infection is of course not shown by 
these experiments. 

In watching the plants from day to day it seemed that not 
only was there an increase in the number of spots on plants 
treated with fertilizer but there was also a tendency toward the 
formation of larger spots and more rapid breaking down of the 
tissue between the spots. In the field, where conditions were 
more favorable for the growth of the host than could be supplied 
in pots in the greenhouse, a count of our nineteen hundred spots 
was obtained from a single leaf (Easy Blanching) and, as will be 
pointed out later, the older leaves regularly withered entirely 
from the coalescing of the spots. It is true that the field conditions 


of the season in question were also more favorable for the develop- 
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ment of the fungus than the greenhouse conditions. However, 
the fact that a single leaf in the field bears more infections than 


any count obtained on an entire plant in the greenhouse is note- - 


worthy. To obtain some statistical evidence of the relation of 
the fertilizer treatments to the size of the spot, two sets of five 
plants each in three-inch pots were treated respectively with 2 
grams of hydrated lime per plant as top dressing, and I gram of 
sodium nitrate per plant in solution. The effect upon both the 
number and extent of infection areas is shown in TABLE V. 

The nitrate plants average 284 spots per plant as opposed to 
120 spots per plant on the limed plants and, what is perhaps even 
more significant, the difference in the size of the spots is propor- 
tional, the spots of the nitrate plants averaging 2.64 mm. in 
diameter while those of the limed plants average only 1.06 mm. 
The ratios are as 1: 2.36 and I: 2.54, respectively. These data 
indicate that the degree of susceptibility is dependent upon the 
interchanges between the host cells and fungus hyphae rather 
than upon the ability or lack of ability of the fungus to penetrate 
the host. 

In a further attempt to produce varying conditions of health 
in the experimental plants, sets of five plants each were watered 
with 50 c.c. of each of the following solutions: 2 per cent sodium 
chloride, 1 per cent magnesium chloride, 1 per cent barium chloride, 
0.1 per cent ferric chloride, 0.1 per cent zinc chloride. These 
were inoculated with controls as in the preceding experiments. 
The results are not sufficiently uniform to be considered significant, 
The health and growth of the plants were not perceptibly altered 
and the amount of infection was fluctuating. The plants treated 
with magnesium, iron and zinc were somewhat lower in total 
counts than the controls, while the barium series gave the highest 
counts of all. It is to be remembered that our lack of knowedge 
in regard to the behavior of these substances in relation to the soil 
and to the selective absorption phenomena exhibited by the roots 
of plants would make any but the most striking results extremely 
difficult of interpretation. 


Bearing upon the question of the relation of fertilizers to 
infection is the following experiment, which was begun with other 
matters in view. Five five-inch pots were filled about one-third 
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TABLE V 


COMPARISON OF THE NUMBER AND SI-E OF SPOTS ON PLANTS TREATED WITH SODIUM 





NITRATE AND HYDRATED LIME. NOTES TAKEN TWENTY DAYS AFTER INOCULATION 
Diameter of spots in millimeters No. No. 
Treat- lant Leaf 4 spots | leaves 
ment No. No. saves. per per 
I 2 3 4 5 6 7 8 9 10 plant plant 
I 0.5,0.5 0.5 @.5) 0.5) 0.5 1.00.5 1.0 0.5 0.60 
I 2 1.0} 0.5 0.5 0.5) 0 5} 0 § 1.0/0.5 0.5 0.5 0.00 113 5 
3 0.5) 0.5 1.0 0.5) 0.5| 0.5 0.5 1.0 0.5 0.5 0.00 
I 5-0) 3.0 5.0 3.0 3.5/3.0 3.0 §.0 9.0 4.0 3.95 
2 2.5| 2.0 1.0 1.0; 2.0) 1.0 2.0 1.5 1.0 I.0 1.50 
2 3 3.0) 2.0 1.0 0.5) 1.0] 0.5 1.5) 1.0 0.5 0.5) 1.15 1590 6 
Y 4 0.5) 1.5 1.0 0.5) 1.0} 0.5 1.0 1.0 0.5 1.0 0.85 
=} | 
& 5 0.5) 1.0 0.5 0.5!) 0.5) 0.5 0.5 1.0 0.5 0.61 
3 I 1.5) 1.0 1.5 2.0) 4.0) 1.0 0.5 1.0 3.0 1.0 1.05 
g 3 2 1.0] 1.0 1.0 1.0} 0.5} 0.5 1.0/0.5 0.5 2.0 0.90 159 6 
5 3 1.0} 0.5 1.0 1.0) 0.5) 0.5 1.0 0.5 0.5 1.0 0.75 
I 0.5) 1.0 0.5 1.0 0.5) 1.0/1.5 1.0 1.0 0.5 O.85 
4 2 1.0) 1.5 0.5 0.5 1.0)0.5 1.0 0.5, 1.0 1.0 0.85 135 5 
3 0.5) 1.0 0.5 1.0 1.0/0.5 1.0 1.5 0.5 1.0 0.55 
I 1.0) 1.5 1.0 0.5 1.0/0.5) 0.5 1.0 0.5 1.0 O.85 
5 2 0.5) 0.5 0.5 | 0.50 30 ¢ 
3 1.0; 0.5 0.5 0.5 0.5| 0.5 0.5.0.5 0.5 1.0 0.00 
I 3.0) 2.5 5.0 4.0 6.0] 4.0 3.0 4.0 4.0 7.0 4.25 
2 5-0) 5.0 5.0 5.0 5.0] 6.0 5.0 6.0, 7.0 6.0 5.40 . * 
I ; o | - - 459 / 
3 4.0) 3.0 3.0 §.0 1.0] 3.0 3.0 I.5 3.0 3.0 2.95 
4 2.0| 2.0 1.0 1.0) 1.0) 1.5 2.0 1.5 1.5 2.0 1.55 
I 7-0 6.0 5.0 6.0 6.0) 6.0 6.0 7.0 5.0 5.0 5.90 
2 3-0, 4.0 5.0 4.0 5.0) 4.0 2.0 3.0 3.0 3.0 3.00 
2 3 3.0) 5.0 7.0 4.0 5.0] 2.5, 4.0) 1.5, 2.5 5.0 3.95 314 8 
4 2.0; 4.0 3.0 1.0 3.0) 4.0) 3.0 3.0 4.0 2.5 2.95 
© 5 2.0' 1.0 2.0) 1.5 1.5} 2.0 2.5 1.0 2.0 5 1.70 
z SS ee a ee ee ee ee = wiliipaes —— 
= I 2.0 3.0 2.0) 3.0 3.0 1.5 1.0 2.0 2.0 1.0 2.05 
-~ 3 2 I.5 1.0, 1.5) 2.0 1.0 1.5 1.0 1.0 1.0 1.0 I.15 177 9 
= 3 I.5 0.5 1.0/1.0 0.5 1.0 1.0 1.0 3.0 1.16 
F I 5.0 2.0 1.0) 2.5) 3.5 2.80 
2 1.5 6.0 3.0\ 1.5 4.0 2.0 4.0 1.0 3.0 1.0 2.70 
3 2.0 2.0 3.0 4.0 2.5 3.5' 2.0 1.0 2.0 4.0 2.60 
4 x » J 145 10 
4 3.0 3.5 2.0 2.0 3.0 2.0 3.0 3.0 1.5 1.0 2.40 
5 1.0 0.5 0.5 3.0 2.0 1.0 0.5 1.0,0.5' 1.0 I.10 
6 0.5 0.5, 1.0 1.5 1.5 1.0/0.5 0.5 1.5 1.0 1.05 
I 2.0 3.5 3-5 3-0 1.0, 1.0 0.5 1.0.0.5) 3.0 1.90 
5 2 3-0 3.0 2.0) 2.0 4.0) 1.0 3.0 1.0 2.5 2.5 2.40 325 | “ 
. - - ~ ‘ 
1.0 1.0 2.0) 2.0) 2.0) 2.0) 2. 0 . 2.0 2.10 
x » < Id 
4 1.0 0.5 0.5 0.5 2.0'0.5' 1.0 0.5 0.5 1.0 0O.85 
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full with heavily diseased leaves and petioles of celery. Five pots 


were similarly filled with healthy green leaves. Celery plants 
were potted in garden soil in the upper part of these pots and 
twenty days later these plants were inoculated. The result wasa 
very decided increase in infection upon the plants which received 
the diseased material (TABLE VI). While there was no perceptible 


rABLE VI 
INFECTION ON PLANTS TREATED WITH DISEASED ( ELERY LEAVES IN THE SOIL 
Average 
No. spots 


per leaf 


Plants with diseased material Spots per plant 260 288 372 361 153 


Leaves per plant 9° 71 6 9g 6 
ontrols Spots per plant 159 217 255 132 187 19.7 


Leaves per plant 13; 7| 13! 8! 7 


difference in the appearance of the two series of plants, the most 
reasonable explanation of these results is that the diseased material 
with decay already under way would supply, at the time of inocu- 
ation, a condition similar to that produced by the application of 
manure made in an earlier experiment. The depth at which the 
material was buried and the uniformity in time with which the 
infection appeared preclude the possibility of the action of this 


material as an additional source of inoculum. 


INFECTION OF PLANTS INFESTED BY NEMATODES 

Perhaps the most conclusive data bearing on the relation of 
health to infection were obtained incidentally in the course of 
experiments planned for other purposes. Twelve plants which 
had received various treatments were given two _ successive 
inoculations, which produced at most only a few spots. These 
were finally thrown out and the roots were found to be heavily 
infested by nematodes. Again nine plants were set aside froma 
variety test as possibly resistant individuals. These were also 
found to be infested. The infection (Septoria) on these plants is 
compared with that on two non-infested plants of the same experi- 
ment in TABLE VII. So far as these observations extend, nema- 
todes do not develop to any marked degree on any except badly 
pot-bound plants. However, a number of galls may be produced 


on the roots of plants in fairly good growing condition. A number 
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TABLE VII 
REDUCTION IN NUMBER OF SPOTS PRODUCED BY SEPTORIA ON PLANTS INFESTED BY 
NEMATODES 





Not 
feste , P 2 

Infested by nematodes tafeated 
oat < = bo 
Variety - =«@ .@ es 
) Se Sai t8e8\e2)\ ee S S N's 
2e Seifeisgeizg| t3\ sei sf as 
= =s Es i#sits eo =e = oe 
x =xi>m\| 2a \|l>=e is oh Ta 
SO 3O|30 3a (3a 17% | 25 | 8S 35 
x= = os 
No. of leaves . 5 4 5 5 5 5 5 7 4 4 4 
Spots per plant 15 8 5 56 | 19 | 12 19 5 29 | 503/ 385 


of these cases were noted in connection with the fertilizer exper- 
iments previously described, in which no reduction in vigor of 
the plant or in the amount of infection could be detected. An 
attempt to produce the infestation by inoculation into the soil 
was made with ten young plants in good growing condition but at 
the end of ten weeks, no galls were evident. The history of a 
single plant which has been followed more closely will throw light 
on the rdle which the nematode plays here. A plant was noted as 
“highly resistant’’ in the course of an experiment and when reinoc- 
ulated it had lost its susceptibility completely. ‘The roots were 
very heavily infested by nematodes. The plant was placed in a 
larger pot with fresh soil and five weeks later, when considerable 
growth had been made, it was again inoculated with a control. 
At the end of twenty-eight days no spot recognizable as due to 
Septoria could be found on the plant. The control plant bore 219 


‘ 


spots. Seven weeks after this inoculation the ‘‘nematode”’ plant 
was treated with 300 c.c. of the nutrient solution described above 
with the fertilizer experiments. At this time a few small spots 
could be seen with an occasional pycnidium. ‘The plant was 
finally inoculated six days after the addition of the fertilizer and 
thirty days later a count of 478 spots was obtained. These spots 
were for the most part small and the fructification of the fungus 
was feeble. According to the accounts of the behavior of nema- 
todes in the roots of plants, it seems clear that the foliage is starved 
both by the disruption of the vascular elements and by the with- 
drawal of food materials to produce the galls. Here is undoubtedly 
a clear case of the reduction of infection by a fungus parasite 
running parallel with the reduction in vigor of the host. 
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INFECTION OF ETIOLATED PLANTS 


The effect of etiolation of the host upon infection has been 
tested in various ways. The first series of plants were kept in 
a dark room for nine days just preceding inoculation. Controls 
were kept on the greenhouse benches. The counts of spots per 
plant are shown in TABLE VIII. This prolonged period in the 


TABLE VIII 
EFFECT UPON INFECTION PRODUCED BY ETIOLATING PLANTS FOR NINE DAYS IMME- 


DIATELY PRECEDING INOCULATION 





Total No Average No 

Plant No. s . 3 4 5 leaves spots per leaf 
Etiolated 62 |172|} 29! 63) 35 39 50 8.0 
Control 33 40 | 312 2531400 72 64 16.7 


total absence of light materially changed the plants in a number of 
ways. The most noticeable changes were loss of chlorophyll, 
elongation of the petiole, and reduction in size of the leaflets. The 
reduction in leaf area, however, was plainly not commensurate 
with the difference in amount of infection. Neither can the 
suspension of photosynthesis be held entirely accountable for the 
less vigorous action of the parasite, in view of the various other 
changes in the host and in the light of the following further experi- 
ments. 

The second series of plants were kept in the dark room for 
three and one half days immediately following their removal from 
the inoculation chamber. The plants were not materially changed 
in appearance and it may be seen at once in TABLE IX that no 


TABLE IX 


EFFECT OF ETIOLATION FOR THREE AND ONE-HALF DAYS FOLLOWING THE REMOVAL 
OF PLANTS FROM THE INCUBATION CHAMBER 





= ‘<n Average 
Plant No, 1 2 3 4 5 6 Total No. No, spots 
leaves per leaf 
Etiolated 422 163 313 584 403 565 48 50.9 
Control 623 368 495 350 342 382 47 54.4 


noteworthy variation was produced in the amount of infection 
as compared with the control plants. It was noted moreover 
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that the time* required for the first appearance of the spots was 
practically identical for the etiolated and control plants. 

A third set of plants was kept in thedark room for five days, 
beginning on the thirteenth day after inoculation, at which time 
the spots were just beginning to appear. This dark room was 
provided with a ventilator which caused a continuous circulation 
of air from the greenhouse in which the control plants were kept 
thus providing similar atmospheric conditions for the two sets of 
plants. This experiment was performed during the warm weather 
of July, and as a result the plants kept in the dark room lost several 
of the older leaves. Although the total counts of infections could 
not be obtained it is scarcely to be expected that the number of 
spots would be altered by this treatment. 


TABLE X 


EFFECT ON SIZE OF SPOT OF ETIOLATION AT DIFFERENT TIMES RELATIVE TO 


INOCULATION 


a. Plants kept in dark room nine days preceding inoculation 


Etiolated plants ; Control plants 
Plant No. 
Average size spot No. of leaves Average size spot No. of leaves 
I 1.62 5 1.17 6 
2 1.51 5 1.10 9 
3 1.37 4+ 0.91 4 
4 1.54 3 0.95 8 
5 1.45 3 0.94 4 


b. Plants kept in the dark room from the fifteenth to the eighteenth day after inoculation 


I 2.08 3 1.27 2 
2 1.87 2 1.51 4 
3 1.50 2 1.07 5 
4 1.80 I 1.81 3 
5 1.75 2 1.45 3 
6 1.78 3 1.33 3 


This seemed to be borne out by counts from the individual 
leaves. The effect upon the size of the spot produced by etiolation 
at this time was readily demonstrable. TABLE X shows the 
increase in diameter of spots upon plants etiolated both before and 


after inoculation. Except for an occasional leaf (nine altogether) 


*Fromme found (12) that Puccinia coronifera on oats was almost completely 
arrested in its progress during the time in which inoculated plants were kept in the 
dark room. 
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ten spots per leaf were measured. Thus fora plant of five leaves 
fifty spots were measured. 

In the case of the first series kept in the dark room before 
inoculation, the most marked increase in the size of the spots 
was on the youngest leaves, which were put out partly or entirely 
while the plants were in the dark room. On these the spots at 
times exceeded in diameter those on the oldest leaves. In the last 
series of plants the increase in size apppeared to be proportionate 
for all the spots. It has been noted that when infected plants 
are placed in the inoculation chamber, for forty-eight hours, a 
zone of at least one half to one millimeter surrounding each spot is 
broken down. That the mycelium of Septoria should advance 
this distance in so short a time does not seem probable. It 
appears rather that the weakened tissues of the host plant succumb 


where the fungus is already present. 


RELATION OF TEMPERATURE TO INFECTION 
It has been recognized since the late blight disease began to be 
studied that it is more severe in the early autumn than during mid- 
summer. I have found this to be true in the greenhouse as well 
as in the field. Several experiments have been performed to test 
the relation of this condition to temperature. Plants were 
inoculated uniformly and divided into two groups which were 


kept through part or all of the incubation period at temperatures 


TABLE XI 
EFFECT OF MAINTAINING INOCULATED PLANTS AT DIFFERENT TEMPERATURES 


THROUGHOUT THE INCUBATION PERIOD OF TWENTY-ONE DAYS 


Number of infections per plant 
Mean ay. t a 
I 2 ; $ - ( 7 8 ) 10 Average 
21.9" ¢ 383 272 | 327 281 189 377 98 | 133 | 209) 269 253-7 
13.3° ¢ 144 5 120 52 3 O04 It! 73 | 104 37 79-4 
differing from 7 to 13 degrees Centigrade (mean average). Five 


sets of from ten to twenty plants each were inoculated. The 


infection develops more rapidly at higher temperatures but later 


counts show usually no striking difference and the individual 
plants vary widely. One set (TABLE XI) showed a marked 


though not aitogether consistent difference in counts. However, 
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a second record five days after the first showed an average increase 
of fifteen spots per plant on the plants of the lower temperture. 
One set of plants showed a consideraby higher count on the 
plants of lower temperature after thirty-six days. The results 
are too variable to be in any way conclusive. A factor of probably 
greater importance is the fact that the host plant may be more 
vigorous and make its greatest growth in cool weather with the 
autumn rains. Rolfs (32) states that in Florida celery can be 
grown only as a cool weather crop. Lloyd (20) and Watts (41) 
point out that celery demands cool weather, at least cool nghts, 
for satisfactory growth. However, I have not found any specific 


data to show the optimum temperature for the culture of celery. 


RELATION OF AGE TISSUE TO INFECTION 
The absence of any conspicuous sign of infection in the field 
during the early and middle parts of the growing season led the 
earlier workers to believe that young plants were affected only 
slightly or not at all. The more careful observations of later 
workers have already disproved this. I have observed the fungus 


on plants in the various stages from the seed bed to maturity. 


TABLE XII 
NUMBER OF SPOTS ON LEAVES OF DIFFERENT AGES TWENTY-SEVEN DAYS AFTER 


INOCULATION 


I No.* I 2 3 4 5 7 8 ) 10 

Plant No. 1 °0 1.0 18| 209| 254 75| 17/1 50 

ra 2 Oo Oo 35 193 OI 79 

3 0 oO 5; 93 185,127) 44! 4! 

j oO oO o 40 95 130 20 25 24 4 
5 o Oo 52 210 30 27 II 

6 oO Oo 30 10904 2 7 3i 9 

Totals oO 0 |1490 945 673 SII 129'125 24 4 


In the field a row of young plants was set out on July 17 so that 
they were about half grown when the infection was becoming 
severe on the regular crop (late September). Counting the number 
of spots per leaf is not practicable under field conditions but it 
was obvious that these young plants were attacked with a 
severity quite sufficient to throw doubt on the idea of a close 


* The leaves are numbered here from the center of root crown outward, i.e., from 
youngest to oldest. 
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relation between the age of the 


plant and its susceptibility. 
However, as regards the relative 
susceptibility of leaves of dif- 
ferent ages on the same plant, 
results have been obtained to 
show that there is a definite and 
constant relation between the 
age of the leaf and the number 
of spots produced by inoculation 
(TABLE XII). 

The leaves which show no 
infection are those which were 
pushed out after the inoculation 
was made. It has been deter- 


mined by tagging the young 
leaves at the time of inoculation 
that a leaf is susceptible as soon 
as it pushes out into view. It 
unfold the 


leaflets so as to be exposed to the 


does not however 
inoculum on all its surface until 
it has reached a height of from 
inches. This ac- 


two to four 


counts in part for the smaller 
count on the very young leaves. 
No method has been devised to 
determine whether or not these 
leaves are as susceptible per unit 
area as leaves which have com- 
pletely unfolded. The chief point 
of interest here is that a very 
much larger number of infections 
is established on leaves which 
are still actively growing than on 
leaves which are more mature. 
Another very interesting differ- 
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of different ages in relation to fungus invasion is found in the 
rate of breaking down of the leaf tissue after infection becomes 
established. Except in unusual cases in the greenhouse there 
was little coalescing of spots until some days after the infection 
was evident on all of the leaves. Thus time was allowed for 
measurement of the size of spots even on very old leaves while 
they were still distinct in outline. It was found that for a given 
distance between spots, the older the leaf the more rapidly the 
intervening tissue breaks down. 

TABLE XIII shows the diameter measured to the nearest half 
millimeter of twenty-five spots on each leaf of a plant nineteen 
days after inoculation. The marked decrease in the size of the 
spots from the oldest to the youngest leaf is at once apparent. 

In TABLE XIV the averages are shown for a number of other 
plants which were similarly studied. It has been pointed out 
that the margin of the killed area produced by Septoria is not 
identical with the limit of mycelial spread. Whether or not the 
fungus colony exceeds the margin of the spot as far in old leaves 
as in young leaves has not been determined. 


TABLE XIV 
AVERAGE SIZE OF SPOTS ON LEAVES OF THE SAME PLANT AT DIFFERENT AGES 


No. spots Age of 


Leaf No. x 3 3 4 5 6 7 8 9 measured* infection 
Plant No. 1 2.18 1.22) 0.94 0.72 0.64 25.0 19 days 
"y 2 1.32| 0.88) 0.74 0.74 25.0 _ > 
3 1.66) 1.06 0.86 0.80 0.58 25.0 19 
it 1.30 1.10) 1.00 0.55 10.0 29 
5 1.45 0.70 0.70 0.70 10.0 29 
0 1.80 1.40 1.25 1.20 0.80 0.00 10.0 29 
7 1.30) 1.35) I.15 0.70 0.90 0.75 .77  .02 10.0 29 
8 2.05 2.00 1.20 1.00 0.95 0.95 .80 .75 75 10.0 29 


A possible relation between the acidity of plant juices and their 
susceptibility to fungus attack has been claimed by Comes (6). 
With this in mind two lots of leaves were collected from a number 
of celery plants, the oldest being included in one lot and the 
youngest in another. These were put through a meat grinder and 
I5 gram samples of each were extracted for thirty minutes in 
200 cc. distilled water. The extracts were filtered and 100 cc. of 
the filtrate were titrated against approximately twentieth normal 


* In four leaves less than the number of spots indicated was used. 
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sodium hydrate solution. A very marked increase in acidity was 
thus shown for the old leaves. The ratio of the readings for 
young and old leaves was 4.6 : 6.3. 

Sorauer (36) states that acidity is higher in etiolated plants 
than in the normal green. It has been pointed out that young 
leaves developed in the dark room bear spots as large as those 
produced on very old leaves. This suggests the possibility of a 
relation between the size of the spot and the acid content of the 
leaf. Obviously, however, no more than a suggestion can be made 
from the data at hand. 


DISCUSSION 

The relations of host and parasite are apparently as different 
for the groups of saprophyte, semi-saprophyte, and obligate 
parasite as are the modes of life of the organisms. It is possible 
to arrange an intergrading series according to the completeness 
of adaptation to the host, from a form such as Botrytis (see 
Blackman and Welsford, 2), which habitually kills the host 
cells before it reaches them and is probably never in intimate 
contact with the living cell, to a form such as the seed fungus of 
Lolium temulentum (see Freeman, 11), which has reached such 
a high degree of adjustment with the host that it is perpetuated 
entirely in the mycelial form through the seed of the host and 
perhaps never kills any of the host cells. As the adaptation to 
the host becomes more nearly complete, there is an increasing 
tendency to show some of the features of mutualism and sym- 


biosis. Fromme (13) has observed with the angular leaf spot of 
tobacco and Peltier (25) with citrus canker that infection is 
heavier under conditions which favor the growth of the host. 
Marchal (21) found that infection of lettuce by Bremia Lactucae 
was favored by nitrogen and phosphates and retarded by an excess 


of potash. The experiments described in this paper show 
that Septoria A pii, although it readily assumes the saprophytic 
habit, has become so adapted to its host that the development of 
infection is favored by increased growth in the host, such as is 
produced by feeding the plants with nitrates, with a complete 
nutrient solution, or by top dressing the soil with sheep manure. 
The acceleration is manifested in both the number of infections 
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established and the size of the spots produced. On the other 
hand top dressing the soil of pots with lime decreases the infection. 
Also the infestation of the roots of celery plants by nematodes 
partially or entirely inhibits the development of the fungus. 
The retention of chlorophyll and water in the tissue adjacent 
to infected spots after these have disappeared from the remainder 
of the leaf is further evidence of a tendency toward mutualism 
between the fungus and host. McCue (22) observed that tomato 
plants treated with phosphatic fertilizers developed less leaf 
blight (presumably Septoria) than control plants, while those on 
nitrogen and potash plots were more heavily infected than the 
controls. At the same time the highest yields (showing greatest 
vigor of growth), were obtained from the plants which received 
nitrogen and potash. Norton (24) also noted a decrease in infec- 
tion by Septoria on tomatoes treated with phosphates. 

Cereals grown by Spinks (37) in nutrient solution seemed to be 
susceptible to infection by Erysiphe in proportion as vigorous 
growth of the host was maintained. Excess of phosphates and 
potash diminished susceptibility while nitrates increased it. 
Stakman (38) noted that heavy manuring of rye increased the 
number of successful inoculations with Puccinia graminis Avenae. 
Even the seed fungus, however, is surpassed in some mutualistic 
characters by the mycorrhizas and lichens. The mycorrhizas 
show grades of interrelation between host and parasite from active 
parasitism to finely adjusted mutualism. Stout (39) has shown 
that Sclerotium rhizodes may be parasitic on aerial parts of Calama- 
grostis canadensis and at the same time assume a mycorrhizal 
habit on the roots of the same host. Nieuberg (23) found that in 
the lichens mutualism persists for a long period perhaps even 
after the fungus finally penetrates the algal cells. This habit is a 
close approach to that of producing haustoria as in the more 
specialized parasites. 

With the exception of the nitrogen fixing bacteria, only the 
mycorrhizal and lichen fungi have been proven to contribute 
anything of value to the host. It is important, however, in the 


development of methods of avoiding disease in plants, as well as 


for a clearer understanding of the nature of parasitism, that it be 
recognized that the relation of host and parasite is not of necessity 
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antagonistic throughout but may on the contrary become special- 
ized in such a way that infection and the development of the 
typical symptoms of the disease are directly favored by the general 
vigor of the host plant. 

In the relation of the age of different tissue on the same celery 
plant to infection, it seems that there are two entirely separate 
conditions operating, one which governs the establishment of 
infection and another which determines the rate of subsequent 
spread of the mycelium. The first stage seems closely related to 
the immediate metabolic activity of the host cells especially in 
view of the marked increase in the number of infections produced 
by the addition of fertilizers to the plant at the time of inoculation. 
That starch metabolism has no very direct relation to infection 
is indicated by the results of inoculating etiolated plants. 

Pool and McKay (28) state that the infection of Beta vulgaris 
by Cercospora beticola is closely related to, if not directly controlled 
by the movement of the stomata. According to their data 
(pp. 1019, 1031), however, heart leaves which are said not to be 
infected show an average stomatal pore width of from 0 uw to 9p 
between 10 A.M. and I P.M., only one case in ten falling below 
2.5. Celery leaves can be infected as soon as they come into 
view but they frequently reach their mature height before the 
spots are visible. It is not clear whether the incubation period is 
taken into consideration in this connection by Pool and McKay. 
They do not show comparative counts on old and young leaves 
from a single infection. These authors show a close correlation 
between the maturity of the leaf and the numher of stomata per 
unitarea. Ensign (10a) has shown a very definite relation between 
the size of the vein-islets and maturity of the leaf in citrus. The 
relation of infection to age of the host as determined by these 
criteria deserves further attention. 

It has been pointed out that the tissue between spots separated 
by a given distance will break down more rapidly on old leaves 
than on young ones. It has been noted furthermore that from a 
single inoculation the spots are visible on the old leaves one to 
several days before they can be seen on the younger leaves. 


The Septoria produces a vigorous growth on widely different 
culture media, as well as on cooked celery, but at the same time 
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is unable to develop on a living host as nearly related to celery as is 
parsley. 

The comparatively narrow specialization of the Septoria on 
celery suggests a promising outlook for experiments in breeding 
for resistance. More intensive work in this direction is needed. 

This work was done in the laboratory of Professor R. A. 
Harper and acknowledgment is herewith made to him for numerous 
helpful criticisms and suggestions. 
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New species of Uredineae—xXIII* 
JOSEPH CHARLES ARTHUR 


The present paper in the author’s series of new species is 
made up partly of newly discovered species and partly of old species 
requiring a change of specific or generic names. ‘There is also 
a substitution of two new generic names and one old one for un- 
tenable ones. When preparing the classification of the Uredinales, 
announced by the writer before the Vienna Botanical Congress 
in 1906, it was necessary to work with much imperfectly studied 
material. As the classification was based upon life histories, and 
as the life cycle of the majority of species was then unrecorded 
and largely unknown, a number of errors were made due to erron- 
eous assumptions. These errors are being corrected as knowledge 
of the rusts increases, and a number are taken in hand at this 
time. The genera to which attention is now directed are Lyso- 
spora, Telospora and Dasyspora, as they were given in the Vienna 
paper. 


Puccinia pacifica Blasdale, sp. nov. 


Il. Uredinia amphigenous, more abundant beneath, thickly 
scattered, irregularly rounded, 0.3—1 mm. across, at first bullate, 
soon naked, somewhat pulverulent, dark chestnut-brown, rup- 
tured epidermis very conspicuous; urediniospores ellipsoid or 
obovate, 22-26 by 26-324; wall chestnut-brown, 2-3» thick, 
finely echinulate, the pores 2, equatorial. 

Ill. Telia similar to the uredinia but somewhat darker and 
less pulverulent; teliospores oblong or obovate-oblong, 20-24 by 
38-48 u, rounded or obtuse above, obtuse or narrowed below, 
somewhat constricted at septum; wall chestnut-brown, lighter 
below, 1-1.5 uw thick, thicker above,. 3-7 u, smooth; pedicel color- 
less, fragile, once or twice length of spore when unbroken, 7-9 u 
in diameter. 

On Plantago maritima L., Montara Point, San Mateo County, 
California, August 7, 1920, W. C. Blasdale 1108. A specimen of 


*Contribution from the Botanical Department of Purdue University Agri- 
cultural Experiment Station. 
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this interesting new rust was sent to the writer immediately upon 


its discovery, with the name and permission to publish. It was 
found in considerable abundance on a bluff overlooking the Pacifi¢ 
Ocean. 


Puccinia irrequisita Jackson, sp. nov. 


Il. Uredinia amphigenous, scattered, round, 0.3-0.5 mm. 
across, early naked, pulverulent, cinnamon-brown, ruptured epi- 
dermis conspicuous; urediniospores globoid or broadly ellipsoid, 
20-23 by 23-264; wall cinnamon-brown, I-1.5 wu thick, moder- 
ately and finely echinulate, the pores three, equatorial. 

III. Telia amphigenous, chiefly epiphyllous, scattered, round, 
0.3-0.5 mm. across, tardily naked, pulvinate, blackish brown, or 
grayish from the overlying epidermis; teliospores irregularly ellip- 
soid, somewhat angular, 24-29 by 34-404u, rounded or obtuse 
above, rounded or truncate below, scarcely constricted at septum; 
wall chestnut-brown, 3-3.5 u thick, not appreciably thickened 
above, obscurely and very finely verrucose; pedicel colorless, 
short, deciduous. 

On Centaurea americana Nutt., Austin, Texas, April 6, 1901 
Il (Ellis & Ev. Fungi Columb. 1642); same, June 5, 1901, II, Ill 
(type) (Barth. N. Am. Ured. 7338). Both collections were made 
by W. H. Long. This species is similar to Puccinia Centaureae 
Mart., with which it has been listed. It differs from that species 
in the more irregular teliospores with their considerably thicker 
walls, and in the tardily naked telial sori. These differences, 
taken together with the fact that the host is not an introduced 
one but native, makes it seem best to consider the species strictly 
American. The particular study of it has been made by Professor 
H.S. Jackson, who has supplied the diagnosis. 


Puccinia additicia Jackson & Holway, nom. nov. 


Puccinia Coreopsidis Jackson & Holway; Arth. Am. Jour. Bot. 

5: 536. I1918. 

My attention has been called by Professor H. S. Jackson to the 
publication of Puccinia Coreopsidis Wakefield, from tropical Africa, 
in the Kew Bulletin for 1918, page 209. The part in which this 
name, with description and illustration, appears was issued in 
August, 1918, thus antedating the publication of the Guatemalan 
name by four months. The two rusts are entirely distinct, thus 
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necessitating a new name for the latter, which has been supplied 
bv Professor Jackson as above. 


Puccinia opposita (Orton) comb. nov. 


Allodus opposita Orton, Mem. N. Y. Bot. Gard. 6: 185. 1916. 
This species is still only known from the type collection on 
Anemone globosa Nutt., from Sulphur Springs, Colorado. 


Puccinia Erigeniae (Orton) comb. nov. 

Allodus Erigeniae Orton, Mem. N. Y. Bot. Gard. 6: 191. 1916. 

The type collection on Erigenia bulbosa (Michx.) Nutt. was 
made by J. Dearness at London, Canada, in 1892, and distributed 
in Ellis’s North American Fungi, No. 1040b, under the name of 
P. Pimpinellae, and showed both aecia and telia. The only other 
collection known up to the present time was made by F. D. 
Kelsey at Oberlin, Ohio, April, 1894, showing aecia only. 


Uromyces coordinatus sp. nov. 


O. Pycnia hypophyllous, scattered abundantly over surface of 
leaf, preceding and accompanying the aecia, pale- or honey-yellow, 
barely noticeable, subepidermal, globoid or flask-shaped, 100-140 u 
broad; ostiolar filaments 50-75 u long, protruding above surface 
of leaf. 

I. Aecia hypophyllous, evenly scattered over surface of leaf, 
at first bullate and opening by a pore, 0.4-0.7 mm. across; peridia 
erect, or slightly recurved, erose; peridial cells cuboidal or poly- 
gonal, 22-24 by 23-29, abutted or slightly overlapping, the 
outer wall 10—12 yu thick, striate, the inner wall 3-5 u thick, notice- 
ably verrucose; aeciospores globoid or broadly ellipsoid, 15-19 by 
19-24 u; wall nearly or quite colorless, 1-2 yw thick, finely verru- 
cose. 

III. Telia hypophyllous, at first arising from and evenly filling 
the aecial cups, afterward independently but similarly grouped, 
the ruptured epidermis appearing like a peridium, somewhat 
pulverulent, dark chocolate-brown; teliospores irregularly ellip- 
soid, oblong or obovoid, 16-22 by 17-31 4; wall cinnamon- or 
chestnut-brown, 1-2 » thick, sometimes with a small colorless 
papilla over the apical pore, closely and noticeably verrucose, 
inclined at times to be striate; pedicel fragile, colorless, largely 
deciduous. 


On Tithymalus Palmeri (Engelm.) Arth. (Euphorbia Palmeri 


Engelm.), Laguna Mountains, California, July 19, 22, 1920; same, 
£ ; 
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Big Bear Lake, California, July 31, 1920, and August 1, 1929 
(type); all collected by E. Bethel, ‘and all showing O, I, and II], 
The first specimen received from Mr. Bethel was sent as an 


‘ 


Aecidium, ‘‘with Uromyces which appears to belong with it.” 
With the collection of August 1 he inclosed this note: ‘‘ From field 
observations I am confident that this Aecidium is followed by the 
Uromyces."" The specimens sent by Mr. Bethel show clearly 
that the telia arise from the same mycelium that bore the aecia, 
as most of the telial sori are contained in the aecial cups. 

The aecia are morphologically indistinguishable from those 
occurring commonly on the same host and similar hosts throughout 
the Rocky Mountains, and which the writer for a time referred to 
Aecidium Tithymali Arth. (this name to be restricted to forms 
occurring east of the Rockies), but now believes to be the aecial 
stage of the heteroecious Uromyces occidentalis Sydow. 

The teliospores of U. coérdinatus are indistinguishable from 
those of U. occidentalis on species of Lupinus in the same region, 
Farther east in the Rockies, however, teliospores of this lupine 
rust are often slightly smaller and paler. The connection of the 
common Rocky Mountain aecia on Tithymalus, not followed by 
any other spore forms on the same host, with the Uromyces ocet- 
dentalis on Lupinus was first pointed out by Mr. A. O. Garrett 
some three years ago in a letter to the writer, and backed by strong 
circumstantial evidence. Later Mr. E. Bethel supplied data and 
independently reached the same conclusion. Although this con- 
nection has not yet been established by cultures, it seems reason- 
ably certain. 

The teliospores are also scarcely distinguishable from Uromyces 
Tranzschelii Sydow, a short cycle form on the same and similar 
species of Tithymalus. These three species of rusts with different 


life cycles, form a most interesting group of coérdinated species, 


which eventually under some other classification may possibly be 


placed under a single name. 


Polythelis suffusca (Holway) comb. nov. 
Puccinia Pulsatillae Rostr. Cat. Pl. Soc. Bot. Copenhague 1, 
hyponym. 1881; Vesterg. Bot. Notiser 1902: 169. 1902. 
Not P. Pulsatillae Kalchbr. 1865. 
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Puccinia suffusca Holway, Jour. Myc. 8: 171. 1902. 
Polythelis Pulsatillae Arth. Résult. Sci. Congr. Bot. Vienne 341. 

1906. 

The specific name adopted for this species under the genus 
Polythelis in the North American Flora was already preoccupied 
when the genus Polythelis was established, and should not have 
been taken up. The next older name is now substituted. A 
history of the name Puccinia Pulsatillae is given by Holway in the 
Journal of Mycology (8: 171. 1902). Kalchbrenner’s name ap- 
plies to the very dissimilar species that occurs on some of the same 


hosts and is usually listed as Puceinia DeBaryana Thiim. 


Ravenelia havanensis sp. nov. 


OQ. Pycnia amphigenous, petiolicolous, and on young, swollen 
shoots, thickly scattered, prominent, punctiform, hemispheric or 
subconic, smoky-brown, subcuticular, 130-250 uw broad by 65-80 u 
high; hymenium flat; ostiolar filaments wanting. 

II. Uredinia of the primary: form following the pycnia, scat- 
tered, of the secondary form epiphyllous and somewhat petiolicol- 
ous, in small groups or solitary, subcuticular, soon naked, 
cinnamon-brown, irregularly rounded, 0.3-0.6 mm. across, rup- 
tured cuticle noticeable; paraphyses wanting; urediniospores 
obovate-oblong, or linear-oblong, 13-18 by 26-38 w, rounded or 
acute above; wall pale- or cinnamon-brown, paler below, 1.5-2 u 
thick, sometimes a little thickened above, 2—4 4, sparsely and 
prominently echinulate, the pores 4, equatorial. 

III. Telia epiphyllous, subcuticular, in irregular groups, early 
naked, chestnut-brown, ruptured cuticle noticeable; teliospore- 
heads chestnut-brown, 4-6 cells across, oblong-hemispheric, 65-85 
by 65-70 uw across, 45-55 u high, each spore bearing 4—6, straight, 
subconical, hyaline tubercles, 2-3 4 long; cysts hyaline, globoid, 
small, not readily bursting in water; pedicel hyaline, very short. 

On Enterolobium cyclocarpum (Sw.) Griseb., Capdevila, 
Havana, Cuba, December 5, 1919, Ilo, J. R. Johnston 1195: 
same, May 10, 1920, O, II,, J. R. Johnston 1201: same December 1, 
1920, Il, on seeding plants, III on old tress, J. R. Johnston (type). 
There are two species of Ravenelia, both on Enterolobium Timbouva, 
described by Spegazzini from Argentina and Paraguay, the only 
ones known on this host genus. No mention is made of uredinia 
in the descriptions, and the writer has not seen material. The 


Cuban species appears to be abuudantly distinct from the South 
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American forms, a view which the difference in host species, geo- 
graphical location, and habit of the rust favor. From the material 
submitted by Mr. Johnston it seems that the pycnia appear in 
May, thickly covering young leaves and shoots and causing more 
or less hypertrophy, and are soon followed by primary uredinia, 
The secondary uredinia appear some months later unaccompanied 
by pyenia, and are mostly confined to the upper surface of the 
leaves, without producing hypertrophy, and on old plants the telia 
are similarly formed. 


Gallowaya pinicola nom. nov. 
Coleosporium Pini Gall. Jour. Myc. 7: 44. 1891. Not C. Pini 
Lagerh. 1889. 
Gallowaya Pini Arth. Résult. Sci. Congr. Bot. Vienne 336. 1906. 
It has been known for some time that the specific name 
selected by Dr. B. T. Galloway for his rust, which was afterward 
transferred to the genus Gallowaya, had been published some two 
years earlier by Lagerheim in Mitt. Bad. Bot. Verein, for an 
entirely different rust. The present occasion is taken to rectify 
this long-standing mishap by suggesting another specific name. 


LIPOSPORA gen. nov. 

Cycle of development includes pycnia, aecia and telia. The 
characters are essentially those of the genus Tranzschelia with the 
uredinia omitted, the following species is taken as the type of 
the genus. 


Lipospora tucsonensis sp. nov. 


O. Pycnia chiefly epiphyllous, scattered over large areas, 
preceding or accompanying the aecia, hemispheric or conic, con- 
spicuous, chocolate-brown, subcuticular, large, 140-160 u in diam- 
eter, 40-100 uw high; ostiolar filaments wanting. 

I. Aecia hypophyllous, thickly scattered over large areas, 
short-cylindric, large, 0.4-0.6 mm. in diameter; peridium ample, 
divided into few (often 4) widely spreading recurved lobes, white; 
peridial cells in face view angularly ellipsoid, 22-30 by 28-344, 
abutted or somewhat overlapping, the outer wall smooth, the 
inner wall evenly verrucose; aeciospores globoid, 16-20 by 18 
22 uw; wall colorless or pale golden-yellow, moderately thin, 1—1.5 #, 
closely and minutely verrucose. 
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III. Telia chiefly hypophyllous accompanying the aecia, gre- 
garious in irregular groups and somewhat confluent or scattered, 
large and irregular, 1-2 mm. across, dark chocolate-brown, 
pulverulent, the membranous epidermis soon ruptured but usually 
partly remaining and conspicuous; teliospores oblong, 18-24 by 
32-38 uw, rounded above, rounded or paler and more or less nar- 
rowed below, considerably constricted but usually not separating 
at septum, the two cells of same size and shape or the lower one 
smaller and narrower; wall dark chestnut-brown or paler in lower 
cell, uniformly thin, 1-2 u thick, closely and evenly verrucose; 
pedicel colorless, short, rarely longer than lower cell, fragile; 
mesospores not uncommon. 

On Anemone stenophylla Poepp., Tucson Hills, Arizona, Febru- 
ary 29, 1920, H. W. Thurston, communicated by L. N. Goodding 81. 

This genus is characterized as it was intended to characterize 
the genus Lysospora, when that genus was founded in 1906 
(Résult. Sci. Congr. Bot. Vienne 340). But the type collection 
for that genus was Sydow’s Uredineen 216, which consisted of a 
mixture on the same leaves of aecia of the heteroecious Tranzschelia 
punctata (Pers.) Arth., and telia of the short cycle Puccinia singu- 
laris Magn., which were inadvertantly assumed to be genetically 
related. The genus Lysospora, therefore, becomes a synonym of 
Tranzschelia, and a new name is supplied for the genus that was 
in mind in 1906, but for which no representative was known 
until the present collection came to hand. 

The species forms one.of the series of four correlated species 
of which (1) Tranzschelia punctata, the plum rust, with a full 
spored cycle is the heteroecious form; (2) T. cohaesa (Long) 
Arth., also with a full spored cycle is the autoecious form; (3) 
L. tucsonensis, another long cycle form like the last but with the 
uredinia omitted from the cycle; and (4) Polythelis fusca (Pers.) 
Arth., the short cycle form with only pycnia and telia. The 
systematic position of these four forms depends upon the views 
taken of their evolution and the most serviceable method of 
representing such relationship taxonomically. With.slight modi- 


fication in the description the four species could be combined into 
one, having four forms of expression. The author, however, while 
believing that they are closely related, and but cyclic modifications 
of one original form, has found that convenience of study and a 


general clarity of comprehension warrants their separation under 
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four genera, in accordance with his well-known scheme of classifica- 
tion of the Uredinales in general. 

There is justification in separating these forms into four species 
aside from their cyclic behavior, for each has small morphological 


features that show distinctive structural advance in addition to 


physiological habit. The aeciospores of L. tucsonensis are slightly 


smaller and thinner walled than in the other species, and the telia 
are large and at first blister-like, tending strongly to coalesce, 
instead of small and evenly scattered as in P. fusca and T. punctata, 
or somewhat circinating asin 7. cohaesa, and have more mesospores 
than any one of these. 

The vicinity of Tucson seems to be especially favorable for the 
appearance of the less usual cyclic development of various forms 
of rusts. It was within a few hundred yards of the Desert Botan- 
ical Laboratory that Puccinia Carnegiana and P. tumamocensis, 
the long and short cycle forms of a divergent rust on Dipterostemon 
(Brodiaea) were found and somewhat studied. The new rust on 
the upright euphorbias, recently discovered by Mr. E. Bethel, 
and described in this article, is evidently a product of similar 
environmental conditions. In fact the whole arid region of 
southern Arizona and California offer a remarkable field for the 
study of the cyclic development of the rusts. Not only the cyclic 
development but also the cytological features of the rusts, espe- 
cially those displaying contracted cycles, greatly need investiga- 


tion, and in no species more than in the one under discussion. 


TELEUTOSPORA Arthur & Bisby, gen. nov. 


In his paper on the short cycle Uromyces of the United States 
G. R. Bisby (Bot. Gaz. 69: 213. 1920) has excluded Uromyces 
hyalinus Peck from this group, although the species had been 
made the type of the genus Jelospora (Résult. Sci. Congr. Bot. 
Vienne 346. 1906), which was intended to include only short 
cycle species. In the Arthur Herbarium the sheets of U. hyalinus, 
which were studied by Bisby in preparing his paper, bear many 
notes signed by him. On June 20, 1916, he made a sectional 
drawing of pycnia from a specimen of Seym. & Earle, Econ. Fungi 
Suppl. B5b, with the note: ‘‘Pycnia are found associated with 
uredinia, sometimes with telia; teliospores often in uredinia.” 
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The same situation was detected on the same day in a collection 

by C. F. Baker, from Fort Collins, Colorado, collected June 10, 

1894, from which he drew the conclusion: ‘‘ Apparently the condi- 

tion is, that uredinia occur, later being often occupied by telio- 

spores.’ Two days afterward in studying the same specimen he 
notes, that ‘‘separate uredinia occur, occupied only by uredinio- 

spores, found at the tips of the younger leaves."" On June 21, 

1916, he found pycnia associated with uredinia in a specimen of 

Ellis & Ev. Fungi Columb. 2187, from Kansas. The association 

of pyenia with uredinia in other collections has later been verified 

by persons working upon material in the Arthur Herbarium, 
especially by H. R. Rosen the year following. 

From the above showing the short cycle genus of ordinary 
Uromyces appearance, which was characterized in 1906 under the 
name Telospora, requires another name, and Teleutospora is there- 
fore here proposed, with Uromyces Rudbeckiae Arth. & Holw. on 
Rudbeckia laciniata, as the type. This with two other American 
species should now be written as follows: 

Teleutospora Rudbeckiae (Arth. & Holw.) Arth. & Bisby 
(Uromyces Rudbeckiae Arth. & Holw.; Arth. Bull. lowa Agr. 
Coll. 1884: 154. 1885). 

Teleutospora Solidaginis (Niessl) Arth. & Bisby (Uromyces 
Solidaginis Niessl, Verh. Natur.-Ver. Briinn 10: 163. 1872) 

Teleutospora bauhiniicola Arth. & Bisby (Uromyces bauhinticola 
Arth. Bot. Gaz. 39: 389. 1905). 


MICROPUCCINIA Rostrup 

Some months ago Professor H. S. Jackson, while working with 
material in the Arthur Herbarium, discovered that the type species 
of the genus Dasyspora, D. foveolata Berk. & Curt., is not a short 
cycle form, as had been assumed, but possesses uredinia of a 
very remarkable appearance. This discovery will be duly set 
forth in a paper to be published by Professor Jackson after a time. 
Not long afterward he came across the genus Micropuccinia in 


Rostrup’s excellent treatise on plant diseases, published in 1902, 


being duly characterized on page 266, with a number of species 
appended, the first being Micropuccinia Ribis (DC.) Rostr. This 
genus, if interpreted to include also those short cycle forms that 
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germinate immediately upon maturity, which Rostrup kept sepa- 
rate in his genus Leptopuccinia on page 268 of the same work, 
covers the ground intended by the writer for the short cycle 
genus set forth in his Vienna paper of 1906, and for which he 
unfortunately selected the untenable name Dasyspora. The fol- 
lowing species, mentioned in the paper referred to, are here trans- 
ferred to the genus Micropuccinia, the new combinations to be 
credited to Arthur and Jackson in each instance. 

Micropuccinia Actinellae (Webb.) Arthur & Jackson, comb. 
nov. (Puccinia Actinellae Syd.); M. Adoxae (Hedw.) comb. noy. 
(P. Adoxae Hedw.); M. Aegopodii (Schum.) comb. nov. (P. 
Aegopodiu Schum.); M. alpina (Fckl.) comb. nov. (P. alpina 
Fckl.); M. andina (Diet. & Neger) comb. nov. (P. andina Diet. & 
Neger, P. Ranunculi Seym.); M. Anemones-virginianae (Schw.) 
comb. nov. (P. Anemones-virginianae Schw.); M. annularis (Str.) 
comb. nov. (P. annularis Schlecht.); M. Arenariae (Schum.) 
comb. nov. (P. Arenariae Schriét., P. Spergulae DC.); M. asarina 
(Kunze) comb. nov. (P. asarina Kunze); M. Asteris (Duby) 
comb. nov. (P. Asteris Duby, P. Erigerontis E. & E., P. Helenii 
Schw.); M. astrantiicola (Bubak) comb. nov. (P. astrantiicola 
Bubak, P. Astrantiae Kalchbr. not B. & C.); M. Betonicae 
(A. & S.) comb. nov. (P. Betonicae DC.); M. Buxi (DC.) comb. 
nov. (P. Buxi DC.); M. canadensis (Arth.) comb. nov. (P. 
canadensis Arth.); M. Chrysoplenii (Grev.) comb. nov. (P. 
Chrysoplenti Grev.); M. Circaeae (Pers.) comb. nov. (P. Circaeae 
Pers.); M. Cnici-oleracei (Pers.) comb. nov. (P. Cnici-oleracet 
Pers.); M. columbiensis (E. & E.) comb. nov. (P. columbiensis 
E. & E., P. bicolor E. & E.); M. Comandrae (Peck) comb. nov. 
(P. Comandrae Peck); M. concrescens (E. & E.) comb. nov. (P. 
concrescens E. & E., P. compacta Kunze); M. conferta (D. & H.) 
comb. nov. (P. conferta D. & H.); M. conglomerata (Str.) comb. 
nov. (P. conglomerata Str.); M. Cruciferarum (Rud.) comb. nov. 
(P. Cruciferarum Rud.); M. Cupheae (Holw.) comb. nov. (P. 
Cupheae Holw., P. jaliscensis Holw.); M. Dayi (Clint.) comb. nov. 
(P. Dayi Clint.); M. distorta (Holw.) comb. nov. (P. distorta 
Holw.); M. Drabae (Rud.) comb. nov. (P. Drabae Rud.); M. 
enormis (Fckl.) comb. nov. ( P. enormis Fckl.); M. Epilobii (DC.) 
comb. nov. (P. Epilobii DC.); M. expansa (Link) comb. nov- 
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(P. expansa Link); M. Fergussoni (Berk. & Br.) comb. nov. (P. 
Fergussoni Berk. & Br.); M. Glechomatis (DC.) comb. nov. 
(P. Glechomatis DC.); M. Grindeliae (Peck) comb. nov. (P. 
Grindeliae Peck); M. grisea (Str.) comb. nov. (P. grisea Wint.); 
M. Haleniae (A. & H.) comb. nov. (P. Haleniae A. & H.); M. 
Heterisiae (H. S. Jackson) comb. nov. (P. Heterisiae H. S. Jack- 
son, P. aspera D. & H.); M. heterospora (B. & C.) comb. nov. 
(P. heterospora B. & C.); M. Heucherae (Schw.) comb. nov. (P. 
Heucherae Diet., P. Saxifragae Schl.); M. Holboellii (Hornem.) 
comb. nov. (P. Holboeleii Rostr., P. palefaciens D. & H.); M. 
Huteri (Syd.) comb. nov. (P. Huteri Syd.); M. Imperatoriae 
(Jacky) comb. nov. (P. Imperatoriae Jacky); M. Jueliana (Diet.) 
comb. nov. (P. Jueliana Diet.); M. Lantanae (Farl.) comb nov. 
(P. Lantanae Farl.); M. lateritia (B. & C.) comb. nov. (P. 
lateritia B. & C.); M. Leveillei (Mont.) comb. nov. (P. Leveillet 
Mont., P. Geranii-silvatici Karst.); M. Lobeliae (Gerard) comb. 
nov. (P. Lobeliae Gerard); M. Malvacearum (Bert.) comb. nov. 
(P. Malvacearum Bert.); M. Mesneriana (Thiim.) comb. nov. 
(P. Mesneriana Thiim.); M. mesomajalis (B. & C.) comb. nov. 
(P. mesomajalis B. & C.); M. Millefolii (Fckl.) comb. nov. (P. 
Millefolit Fckl.); M. ornata (A. & H.) comb. nov. (P. ornata 
A. & H.); M. Parnassiae (Arth.) comb. nov. (P. Parnassiae 
Arth.); M. Pazschkei (Diet.) comb. nov. (P. Pazschkei Diet.); 
M. Polemonii (D. & H.) comb. nov. (P. Polemonit D. & H.); 
M. porphyrogenita (Curt.) comb. nov. (P. porphyrogenita Curt., 
P. acuminata Peck); M. praemorsa (D. & H.) comb. nov. (P. 
praemorsa D. & H.); M. Pulsatillae (Kalchbr.) comb. nov. (P. 
Pulsatillae Kalchbr., P. DeBaryana Thiim.); M. Pyrolae (Cke.) 
comb. nov. (P. Pyrolae Cke.); M. recedens (Syd.) comb. nov: 
(P. recedens Cke.); M. rubefaciens (Johans.) comb. nov. (P. 
rubefaciens Johans.); M. scandica (Johans.) comb. nov. (P. 
scandica Johans.); M. Seymeriae (Burr.) comb. nov. (P. Sey- 
meriae Burr.); M. Sherardiana (Kérn.) comb. nov. (P. Sherar- 
diana Koérn.); M. Silphii (Schw.) comb. nov. (P. Silphii Schw.); 
M. Solidaginis (Peck) comb. nov. (P. Solidaginis Peck); M. 
Spegazzinii (DeT.) comb. nov. (P. Spegazzinii DeT., P. australis 
Speg.); M. Suksdorfii (E. & E.) comb. nov. (P. Suksdorfii E. & 
E.); M. Synedrellae (Henn.) comb. nov. (P. Synedrellae Henn., 
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P. Emiliae Henn.); M. tuberculans (E. & E.) comb. nov. (P, 
tuberculans E. & E.); M. turrita (Arth.) comb. nov. (P. turrita 
Arth.); M. uralensis (Tranz.) comb. nov. (P. uralensis Tranz.); 
M. variolans (Hark.) comb. nov. (P. variolans Hark.); M. 
Veronicarum (DC.) comb. nov. (P. Veronicarum DC.); M. 
verruca (Thiim.) comb. nov. (P. verruca Thiim.); M. Virgaureae 
(DC.) comb. nov. (P. Virgaureae DC.); M. Vossii (Kérn.) comb. 
nov. (P. Vossit Kérn.); M. Xanthii (Schw.) comb. nov. (P, 
Xanthii Schw.); M. Xylorrhizae (Arth.) comb. nov. (P. Xylor- 
rhizae Arth.). 

There are two names under Dasyspora in the Vienna paper, 
D. Adenostegiae and D. cinnamomea, that are not transferred, as it 
has been found in the meantime that these rusts are probably not 
short cycle species. A number of the names in that paper appear 
in the above list as synonyms. In addition to this list of names 
from the Vienna paper the following species, which are entitled to 
be placed under Micropuccinia and credited to Arthur and Jack- 
son, are for convenience here transferred. 

Micropuccinia albulensis (Magn.) comb. nov. (P. albulensis 
Magn.); M. Crytotaeniae (Peck) comb. nov. (P. Cryptotaeniae 
Peck); M. curtipes (Howe) comb. nov. (P. curtipes Howe); 
M. Hydrophylli (P. & C.) comb. nov. (P. Hydrophylli P. & 
C.); M. Hyssopi (Schw.) comb. nov. (P. Hyssopi Schw.); 
M. Ligustici (E. & E.) comb. nov. (P. Ligustici E. & E.); M. 
Linkii (Klotzsch) comb. nov. (P. Linkii Klotzsch); M. Lygodes- 
miae (E. & E.) comb. nov. (P. Lygodesmiae E. & E.); M. macu- 
losa (Schw.) comb. nov. (P. maculosa Schw.); M. Mertensiae 
(Peck) comb. nov. (P. Mertensiae Peck); M. obliqua (B. & C.) 
comb. nov. (P. obliqua B. & C., P. Gonolobi Rav.); M. Physos- 
tegiae (Peck & Clint.) comb. nov. (P. Physostegiae Peck & Clint.); 
M. Ranunculi (Blytt) comb. nov. (P. Ranunculi Blytt): M. 
Waldsteiniae (Curt.) comb. nov. (P. Waldsteiniae Curt.). 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1910-1920 


The aim of this Index is to include all current botanical literature written by 
Americans, published in America, or based upon American material ; the word Amer. 
ica being used in the broadest sense. 

Reviews, and papers that relate exclusively to forestry, agriculture, horticulture, 
manufactured products of vegetable origin, or laboratory methods are not included, and 
no attempt is made to index the literature of bacteriology. An occasional exception is 
made in favor of some paper appearing in an American periodical which is devoted 
wholly to botany. Reprints are not mentioned unless they differ from the original in 
some important particular. If users of the Index will call the attention of the editor 
to errors or omissions, their kindness will be appreciated. 

This Indexis reprinted monthly on cards, and,furnished in this form to sub- 
scibers at the rate of two cents for each card. Selection of cardsis not permitted; 
each subsciber must take all cards published during the term of his subscription. 
Correspondence relating to the card issue should be addressed to the Treasurer of 


the Torrey Botanical Club. 


Anderson, H. W. Diseases of Illinois fruits. Univ. Illinois Agr. Exp. 
Sta. Circ. 241: 3-155. pl. 1-2 +f. 1-60. Ap 1920. 
Andrews, E. F. Habits and habitats of the North American resurrec- 
tion fern. Torreya 20: 91-96. 1920. 
Polypodium polypodioides. 
Bastin, S. L. Does cold kill plants? Sci. Amer. 123: 427. 23 O 1920- 
Benoist, R. Descriptions d’espéces nouvelles de Phanérogames. Bull. 
’ | | g 
Mus. Hist. Nat. Paris 1920. 184-188. 1920. 


Includes Bathysa difformis sp. nov., from French Guiana. 


Berry, E.W. New specific name. Torreya 20: 101. 1920. 
Inga culebrana from the Panama Oligocene. 
Blakeslee, A. F., Belling, J.,& Farnham, M.E. Chromosomal duplica- 


tion and Mendelian phenomena in Datura mutants. Science II. 


52: 388-390. 22 O 1920. 

Bédeker, F. Mamillaria hirsuta Béd. spec. nov. Monatschr. Kak- 
teenk. 29: 130-132. N 1919 [Illust.]. 
From Mexico. 

Bonar, L. Wilt of white clover, due to Brachysporium Trifolii. Phyto- 
pathology 10: 435-441. f. 1-3. 25 O 1920. 
Includes description of Brachysporium Trifolii Kauffman, sp. nov. 

Bradshaw, R. V. Ayrshire rose in Washington. Am. Bot. 26: 98. 
Au 1920. 
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Bradshaw, R. V. Wildflowers of the Oregon coast. Am. Bot. 26: 
84-87. Au 1920. 

Brandes, E. W. Mosaic disease of corn. 
517-521. pl. 95-96. 16 Au 1920. 

Bresadola, G. Selecta mycologica. Ann. Mycol. 18: 26-70. 


Includes 2 new genera and 45 new species from America. 


Britton, E.G. ‘ Disappearing wild flowers.” 


Jour. Agr. Research 19: 


1920. 


Torreya 20: IOI. 1920, 
Britton, N. L., & Rose, J. N. The Cactaceae. Vol. II. Carnegie 
Inst. Wash. Publ. 248*: 1-239. pl. 1-40 + f. 1-305. 9S 1920. 

Includes 19 new genera and 48 new species. 

Brown, E. D. W. Apogamy in Osmunda cinnamomea and O. Clay 
toniana. Bull. Torrey Club 47: 339-345. f. 1-10. 5 O 1920. 
Brown, F. B. H. The silicious skeleton of tracheids and fibers. Bull, 

Torrey Club 47: 407-424. f. 1-5. 200 1920. 

Brown, J. S. Subcortical formation and abnormal development of 
stomata in etiolated shoots of Opuntia Blakeana. Bot. Gaz. 70: 
295-307. pl. 27-30 + f. 1. 19 0 1920. 

Burns, G. P. Tolerance of forest trees and its relation to forest succes- 
sion. Jour. For. 18: 610-615. O 1920. 


Carleton, M. B. The soap nut tree. Am. For. 26: 621. O 1920. 


Cheyney, E. G. Preliminary investigation of Ribes as a controlling 
factor in the spread of white pine blister rust. Science II. 52: 342- 
345. 8 O 1920. 

Child, C. M., & Bellamy, A.W. Physiological isolation by low tempera- 
ture in Bryophyllum. Bot. Gaz. 70: 249-267. f. 1-6. 19 O 1920. 

(Clute, W. N.] Cold deserts and dry deserts. Am. Bot. 26: 97. Au 
1920. 

Clute, W. N. The desert trumpet flower. Am. Bot. 26: 77-79. Au 
1920. 

Cockerell, T. D. A. A new form of Stanleya. 


1920. 


Torreya 20: 101, 102. 


S. glauca latifolia, from Kansas. 
Coker, W. C. Azalea atlantica Ashe and its variety luteo-alba n. var. 
Jour. Elisha Mitchell Sci. Soc. 36: 97-99. pl. 1, 7. S 1920. 
Coker, W. C., & Couch, J. N. A new species of Achlya. Jour. Elisha 
Mitchell Sci. Soc. 26: 100, 101. S 1920. 
Achlya Orion, from North Carolina. 
Cribbs, J. E. Early stem anatomy of Todea barbara. Bot. Gaz. 70: 
294. pl. 23-26. 19 O 1920. 
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Earle, F. S. La extirpacién del mosaico de la cafia como medio de 
represién. Puerto Rico Dept. Agric. y Trab. Bol. 22: 1-19. Ja 1920. 
Farr, W. KK. Cell-division of the pollen-mother-cell of Cobaea scandens 
alba. Bull. Torrey Club 47: 325-328. pl. 14. 5 O 1920. 
Farwell, O. A. Notes on the Michigan flora II. Michigan Acad. Sci. 
Rept. 21: 345-371. 1919. 
Includes many new varieties, combinations and forms. I9I9. 

Figueroa, C. A. El matizado de la cafia de azicar y la produccién de 
azicar en Puerto Rico. Rev. Agric. Puerto Rico 5: 25-31. 30S 
1920. 

Forbes, C. N. Notes on Marsilea villosa Kaulf. Occ. Papers Bishop 
Mus. 7: 47-49. pl. 13-14. 1920. 

Forbes, C. N. New Hawaiian Plants. VII. Occ. Papers Bishop 
Mus. 7: 33-39. pl. 3-11. 1920. 

7 new species. 

Forbes, C. N., & Munro, G. C. A new Cyanea from Lanai, Hawaii. 
Occ. Papers Bishop Mus. 7: 43. pl. 12. 1920. 

Gager, C. S. Heredity and evolution in plants. i-xiii + 1-265. 
Philadelphia. 1920. 


Gassner, G. Beitrige zur Frage der Uberwinterung und Verbreitung 


der Getreideroste im subtropischen Klima. Zeitschr. Pflanzenkr. 
26: 329-374. 16S 1916. 
Observations made in Uruguay. 

Grier, N. M. Notes on comparative regeneration in Elodea and 
Ceratophyllum. Am. Bot. 26: 80-84. Au 192¢. 

Harlan, H. V., & Hayes, H. K. Occurrence of the fixed intermediate, 
Hordeum intermedium haxtoni, in crosses between H. vulgare pallidum 
and H. distichon palmella. Jour. Agr. Research 19: 575-591. pl. 
103-106. 1S 1920. 

Harvey, R.B. Some enemies of the potato. Sci. Am. Mo. 2: 120-122. 
f. 1-9. O 1920. 

Hastings, G. T. The vegetation of a cinder field. Torreya 20: 96-100. 
1920. 

Hayes, H.K. The inheritance of the length of internode in the rachis 
of the barley spike. U. S. Dept. Agr. Bull. 869: 1-26. pl. 1-2. 
30 S 1920. 

Hayes, H. K., Parker, J. H., & Kurtzweil, C. Genetics of rust resistance 
in crosses of varieties of Triticum vulgare with varieties of T. durum 
and 7. dicoccum. Jour. Agr. Research 19: 523-542. pl. 97-102 
1S 1920. 
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Hedrick, U. P. Manual of American grape-growing. 
New York. 19109. 





i-vill + 1-458, 





Hillmann, J. Beitrage zur Systematik der Flechten. Ann. Myc. 
i-25. 1920. 

Hitchcock, A. S. Poaceae, in Standley, P. C., Trees and shrubs of 
Mexico. Contrib. U. S. Nat. Herb. 23: 65-70. 1920. 


















Hoéhnel, F. Mykologische Fragmenti. Ann. Myc. 18: 
Includes Valseutypella gen. nov., from North America. 

Holbert, J. R., & Hoffer, G. N. Control of the root, stalk and ear rot 
diseases of corn. U. S. Dept. Agr. Farmers’ Bull. 1176: 3 24. f. 
I~25. 3 1020. 

Hubert, E. E. 


west. Phytopathology 10: 442-447. 25 O 1920. 







71-97. 1920, 















Observations on Cytospora chrysosperma in the north 


Hutchinson, J. Jeffersonia and Plagiorhegma. Kew Bull. Mise. 







Inform. 1920: 242-245. 1920. 


Johnson, F. R. Forests in the sand hills. Am. For. 26: 582-584. 
© 1920. 










Jones, D. F. Sterility in animals and plants. Sci. Am. Mo. 2: t17- 
119. O 1920. 


Judd, C. S. 
O 1920. 
Kilmer, F. B., & Smith, R. O. 

way. Am. Jour. Pharm. 92: 620-630. S 1920.  [Illust.] 
Kirby, R.S., & Thomas, H. E. The take-all disease of wheat in New 


York State. Science II. 52: 368-369. 15 O 1920. 











The first algaroba tree in Hawaii. Am. For. 26: 605, 606, 






Belladonna cultivation in a practical 







Knuth, R. Dioscoreaceae americanae novae. Notizbl. Bot. Gart. und 
Mus. Berlin-Dahlem 7: 185-222. 28 D 1917. 
New species in Dioscorea (92) and Rajania (11 

Knuth, R. Oxalidaceae americanae novae. Notizbl. Bot. Gart. und 
Mus. Berlin-Dahlem 7: 289-318. 15 My 1919. 





New American species in Oxalis (77) and Biophytum (4). 






Kranzlin, F. Zwei neue und eine kritische Orchidacee. Notizbl. 
Bot. Gart. und Mus. Berlin-Dahlem 7: 319-322. 15 My 1919. 


Dikylikostigma, gen. nov., from Venezuela and Vanilla Preussii, sp. nov., from 
Guatemala. 









Kranzlin, F. Cyrtochilum H. B. K. Notizbl. Bot. Gart. und Mus. 
Berlin-Dahlem 7: 81-101. 15 My 1917. 





Includes 3 new South American species and many new combinations. 
Krausel, R. Einige Bemerkungen zur Bestimmung fossiler Koniferen- 
Hélzer. Osterr. Bot. Zeitschr. 67: 127-135. 1918. 
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Kunkel, L. O. Further data on the orange-rusts of Rubus. Jour. 
Agr. Research 19: 501-512. pl. D + pl. 92-04. 16 Au 1920. 

Lakon, G. Abnormes Vorkommen von gefingerten Blattern bei Acer 
negundo L. Zeitschr. Pflanzenkr. 27: 100-102. f. 1-2. 25 Ap 1917. 

Lamson-Scribner, F. Parks and gardens of Buenos Aires. Nat. Hist. 
20: 305-311. My-—Je 1920. 

Langdon, La D. M. Stem anatomy of Dioon spinulosum. Bot. Gaz. 
70: 110-125. pl. 15-17 +f. I-4. 21 Au 1920. 

Langdon, S. C., & Gailey, W. R. Carbon monoxide a respiration prod- 

uct of Nereocystis Luetkeana. sot. Gaz. 70: 230-239. f. 1-3. 15 

S 1920. 

La Rue, C. D. 
O 1920. 

Legrand, J. F. El Paspalum dilatatum. 

5': 13-17. Jl 1920; II. 5?: 8-13. Au sg20. _ [Illust.] 





Isolating single spores. Bot. Gaz. 70: 319-320. 19 







I. Revista Agric. Puerto Rico 





Legrand, J. F. Plantas titiles de Puerto Rico. Revista Agric. Puerto 
Rico 4°: 5-10. 31 My 1920. 

Lehman, S. C. Penicillium,spiculisporum, a new ascogenous fungus. 
Mycologia 12: 268-274. pl. 19. 1920. 

Levine, M. The behavior of crown gall on the rubber tree (Ficus 
elastica). Proc. Soc. Exper. Biol. and Med. 17: 157, 158. 1920. 

Lloyd, C.G. Mycological notes. 63: 945-984. My 1920. 

Loesener, T. Uber eine neue Stromanthe-Art. Notizbl. Bot. Gart. 
und Mus. Berlin-Dahlem 7: 410-411. 15 My 1920. 
Stromanthe humilis of tropical America. 

Lumbard, L. H. Cleavers. Am. Bot. 26:95. Au 1920. 

Mac Caughey, V. Hawaii's tapestry forests. Bot. Gaz. 70: 137-147. 
f. 1-6. 21 Au 1920. 

Mac Caughey, V. The Hawaiian olona. Science II 52: 240-241. 
10 S 1920. 

Mac Dougal, D.T. Auxographic measurement of swelling of bicolloids 
and of plants. Bot. Gaz. 70: 126-136. f. z, 2. 21 Au 1920. 

MacDougal, D. T., & Spoehr, H. A. Swelling of agar in solutions of 
amino acids and related compounds. Bot. Gaz. 70: 268-278. f. 1-6. 
19 O 1920. 

Macmillan, H. G. A frost injury of potatoes. Phytopathology 10: 
423-424. pl. 13. 1920. 

Maddox, R.S. A veteran giant of elms. Am. For. 26: 611. O 1920. 
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Magness, J. R. Composition of gases in intercellular spaces of apples 
and potatoes. Bot. Gaz. 70: 308-316. f. 7. 19 O 1920. 

Matz, J. Gumming disease of sugar cane in Porto Rico. Phyto- 
pathology 10: 429-430. f. Ir. 1920. 

Matz, J. La gomosis de la cafia. Revista Agric. Puerto Rico 5}; 
24-26. Jl 1920. [Illust.] 

Matz, J. La gomosis de la cafia de azicar. Puerto Rico Dept. Agric. 
y Trab. Circ. 20: 1-7. 1920. [1 plate.] 

Matz, J. Pudricién de la base de la ‘‘roselle."’ Revista Agric. Puerto 
Rico §5': 18-20. Jl 1920. [Illust.] 

Maxon, W. R. Gleicheniaceae and Cyatheaceae, in Standley, P. C., 
Trees and shrubs of Mexico. , Contrib. U. S. Nat. Herb. 23: 36-47. 
1920. 

McCool, M. M., & Millar, C. E. Use of dilatometer in studying soil and 
plant relationships. Bot. Gaz. 70: 317-319. 19 O 1920. 

McMurray, N. Color of Aster florets. Am. Bot. 26: 107. Au 1920. 

Mc Rae, W. A. Some principal fibre-bearing plants of Florida. 
Florida Agr. Dept. Bull. 30: 7-15. 1 Jl 1920. 

Mez, C. Novae species Panicearum. Notizbl. Bot. Gart. und Mus. 
Berlin Dahlem 7: 45-78. 15 My 1917. 

New American species in Olyra (5), Cenchrus (1), Pennisetum (1), Setariopsis (1) 

and Panicum (15). 

Moreau, F. A propos du nouveau genre Kunkelia Arthur. Bull. Soe. 
Mycol. France 36: 101-103. 15 Jl 1920. 

Morita, K., & Livingstone, B. E. Some solution cultures of wheat 
without potassium. Tokio Bot. Mag. 34: 71-90. f. 1. Je 1920. 
Moulton, R. H. Do plants need the dark? Gard. Mag. 32: 98-99. 

O 1920. [Illust.] 

Murphy, P. A., & Wortley, E. J. Relation of climate to the develop- 
ment and control of leaf roll of potato. Phytopathology 10: 407- 
414. f. IZ. 1920. 

Murrill, W. A. A new Amanita. Mycologia 12: 291-292. 1920. 
Venenarius Wellsii sp. nov. 

Murrili, W. A. Autobasidiomycetes, in Britton, N. L., The Bahama 
Flora 637-645. 26 Je 1920. 

Nelson, A. Flora of the Navajo Reservation. Am. Bot. 26: 87-89. 
Au 1920. 


Nelson, J.C. Flower buds two years old. Am. Bot. 26:99. Au 1920. 
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Neuwirth, M. Vergleichende Morphologie der Trichome an der 
Bliitenteilen der Cycadeen. Osterr. Bot. Zeitschr. 66: 141-149. 
pl. 2. 1916. 

Norton, J. B. S., & Chen, C. C. Another corn seed parasite. Science 
II. 52: 250-251. 10S 1920. 

Nowell, W., & Williams, C. B. Sugar cane blight in Trinidad: a sum- 
mary of conclusions. Bull. Dept. Agr. Trinidad & Tobago 19: 
dS-10. 1920. 

Osburn, R. C. The syrphid fly, Mesogramma marginata, and the 
flowers of Apocynum. Ohio Jour. Sci. 20: 261-265. pl. zr. 15 Jl 
1920. 

Parker, F. W., & Truog, E. The relation between the calcium and the 
nitrogen content of plants and the function of calcium. Soil Sci. ro: 
49-56. f. 7. Jl 1920. 

Pearson, W. H. <Aplosia Pendletonii Pearson, n. sp. Bryologist 23: 


-- bl 


‘ ms 


17 S 1920. 


50-52. pl. ] 

Pemberton, C. G. Living stumps of trees. Am. For. 26: 614-616. 
O 1920. 

Pennell, F. W. Scrophulariaceae of Colombia I. Proc. Acad. Nat. 
Sci. Philadelphia 1920: 136-188. 4 O 1920. 

Includes Monocardia and Unanuea, gen. nov., and new species in Caconapea (3) 
Gratiola (1), Monocardia (4), Macuillamia (1), Alonsoa (1), Fagelia (10), Russelia (1). 
Pilger, R. Plantae Uleanae novae vel minus cognitae. Notizbl. Bt.o 

Gard. und Mus. Berlin-Dahlem 6: 485-503. 15 Ja 1917. 

Includes Piperaceae and Meliaceae by C. de Candolle, here indexed separately. 
Pittier, H. La evolucién de las ciencias naturales y las exploraciénes 

botanicas en Venezuela. Cultura Venezolana 14: (Suppl.) 1-28. 

1920. 

Prankerd, T. L. Statocytes of the wheat haulm. Bot. Gaz. 7o: 148- 
152. f. 1-4. 21 Au 1920. 

Quehl, L. LEchinocactus Rettigii Quehl spec. nov. Monatschr. 
Kakteenk. 29: 129. N 1919. 

From Peru. 

Reed, G. M. Varietal resistance and susceptibility of oats to powdery 
mildew, crown rust and smuts. Missouri Agr. Exp. Sta. Research 
Bull. 37: 3-41. pl. 1-4. Jl 1920. 

Reed, H. S. The dynamics of a fluctuating growth rate. Proc. Nat. 
Acad. Sci. 6: 397-410. 15 Jl 1920. 

Growth of apricots studied. 

Ricalton, J. The cocoa-nut palm. Am. Forestry 26: 529-531. S 
1920. [Illust.] 
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Rickett, H.W. Regeneration in Sphaerocarpos Donnellit. Bull. Torrey 
Club 47: 347-357. f. 1-25. 5 O 1920. 

Riddle, L.W. Lichens, in Britton, N. L., The Bahama Flora 522-553, 
26 Je 1920. 
Includes 19 new species. 
Roberts, R. HH. Off-year apple bearing and apple spur growth. Agr, 
Exp. Sta. Univ. Wisconsin Bull. 317: 3-34. f. 1-13. Jl 1920. 
Robbins, W. J., & Massey, A. B. The effect of certain environmental 
conditions on the rate of destruction of vanillin by a soil bacterium, 
Soil. Sci. 10: 237-246. f. r. S 1920. 

Rock, J. F. The leguminous plants of Hawaii. Honolulu, Hawaii, 
i-x + 1-234. Jl 1920. 

Rolfe, R. A. Pleurothallis grandis. Bot. Mag. pl. 8853. S 1920. 

Rosenbaum, J. A Macrosporium foot-rot of tomato. Phytopathology 
10: 415-422. f. I-4. 1920. 

Rumbold, C. Giving medicine to trees. Sci. Am. Mo. 2: 114-116, 
O 1920. 


Rusk, H. M. The effect of zinc sulphate on protoplasmic streaming. 


Bull. Torrey Club 47: 425-431. f. 1-2. 20 O 1920. 

Sando, C. E. The process of ripening in the tomato, considered espe- 
cially from the commercial standpoint. U. S. Dept. Agr. Bull. 
859: 1-38. pl. 1-4 + f. I-3. 7S 1920. 

Saunders, E. R. Multiple allelomorphs and limiting factors in the 
stock (Matthiola incana). Jour. Gen. 10: 149-178. pl. 7-8 + f. I-3. 
20 Au 1920. 


Schlechter, R. Die Columelliaceae. Notizbl. Bot. Gart. und Mus. 
Berlin-Dahlem. 7: 352-358. 15 Ja 1920. 

Includes 2 new Andine species of Columellia. 

Schlechter, R. Orchidaceae novae, in caldariis Horti Dahlemensais 
cultae. Notizbl. Bot. Gart. und Mus. Berlin-Dahlem 7: 268-280. 
1O 1918; II. 7: 323-330. 15 My 1g19. 

Includes American species of Masdevallia (1), Stelis (6), Pleurothallis (7), Odlo- 


meria (3), Cryptophoranthus (1), Bulbophyllum (1), Promenaea (2), Capanema (1) 


and Oncidium (1). 


Schlechter, R. Uber eine neue Stanhopea-Art. Notizbl. Bot. Gard. 
und Mus. Berlin-Dahlem 6: 483-484. 15 Ja 1917. 
Stanhopea minor from Brazil. 

Schlechter, R. Versuch einer systematischen Neuordnung der Spiran- 
thinae. Beih. Bot. Centralbl. 37: 317-454. 31 Mr 1920. 


Includes 15 new genera and 1 new species from America. 
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Schneider, C. Weitere Beitrage zur Kenntnis der chinesischen Arten 
der Gattung Berberis (Euberberis). Osterr. Bot. Zeitschr. 66: 313- 
326. 1916; 67: 15-32. 1918; 67: 135-146. 1918; 67: 213-228. 
1918; 67: 284-300. 1918. 

Schneider, C. Uber die richtige Benennung einiger Salix-arten. 
Osterr. Bot. Zeitschr. 66: 112-116. 1916. 

Schneider, C. Beitrage zur Kenntnis der Gattung Ulmus. _ II. 
Uber die richtige Benennung der europadischen Ulmen-Arten. 
Osterr. Bot. Zeitschr. 66: 65-82. 1916. 

Seaver, F. J. Fungi, in Britton, N. L., The Bahama Flora 631-645. 
26 Je 1920. 

Includes 5 new species. 

Shelford, J. E. Our aquatic biological resources. Geog. Rev. 9: 
250-263. Ap-—Je 1920. 

Small, J. K. In quest of lost cacti. Cactus hunting in the Carolinas 
in winter. Jour. New York Bot. Gard. 21: 161-178. pl. 257, 252. 
S 1920. 

Smith, A. A lesson on the production of available plant food in the 
soil. Gard. Chron. 24: 312-314. S 1920. 

Solereder, H. Uber die Versetzung der Gattung Heteranthia von den 
Scrophulariaceen zu den Solanaceen. Beih. Bot. Centralbl. 337: 
II3-117. 10F 1915. 

Sprague, T. A. Nuphar polysepalum. Bot. Mag. pl. 8852. S 1920. 

Standley, P. C. Trees and shrubs of Mexico. (Gleicheniaceae- 
Betulaceae). Contrib. U. S. Nat. Herb. 23: i-xviii + 1-169. 1920. 
Includes contributions by W. R. Maxon, A. S. Hitchcock and W. Trelease, here 

indexed separately. 31 new species of Agave are described. 

Stillinger, C. R. Apple black rot (Sphaeropsis malorum Berk.) in 
Oregon. Phytopathology 10: 453-458. 25 O 1920. 

Sydow, H. & P. Uber einige Uredineen mit quellbaren Membranen 
und erhéhter Keimporenzahl. Ann. Myc. 17: 101-107. 1919. 
Tackholm, G. Zur Antipodenentwicklung der Kompositengattungen 
Cosmidium und Cosmos. Sv. Bot. Tidskr. 10: 423-437. f. I-4. 

I9I6. 

Tackholm, G., & Séderberg, E. Neue Beispiele der simultanen und 
sukzessiven Wandbildung in den Pollenmutterzellen. Sv. Bot. 
Tidskr. 12: 189-201. f. I-9. 1920. 

Tansley, A. G. The classification of vegetation and the concept of 

Jour. Ecol. 8: 118-149. 


development. Je 1920. 
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Taylor, A.M. Ecological succession of mosses. Bot. Gaz. 69: 449-491. 


J. %, a  397- Je 19600. 

Taylor, N. A rare palm from Cuba in the conservatories. Brooklyn 
Bot. Gard. Rec. 9: 101, 102. Jl 1920. 

Coccothrinax crinita. 

Taylor, W. R. On the production of new cell formations in plants, 
Contr. Bot. Lab. Univ. Pennsylvania 4: 271-300. fl. 7 1-78, 
1920. 

Thiel, A. F., & Weiss, F. The effect of citric acid on the germination 
of the teliospores of Puccinia graminis Tritici. Phytopathology 
10: 448-452. f. 7. 25 O 1920. ‘ 

Thompson, C. A., & Barrows, E.L. Soil moisture movement in relation 
to growth of alfalfa. New Mexico Coll. A. & M. Arts Bull, 
123: 1-38. F 1920. 

Toepffer, A. Nordasiatische und nordamerikanische Weiden (Salix) 
Gallen. Beih. Bot. Centralbl. 37: 279-287. 20 F 1920. 

Trelease, W. Amaryllidaceae, in Standley, P. C. Trees and shrubs 
of Mexico. Contrib. U. S. Nat. Herb. 23: 105-142. 1920. 
Includes 31 new species of A gave. 

Ulbrich, E. Einige neue Lupinus-Arten aus den Anden von Peru. 
Notizbl. Bot. Gart. und Mus. Berlin-Dahlem 7: 452-454. 16 My 
1920. 

3 species described. 

Ulbrich, E. Eine neue Sedwm-Art aus dem botanischen Garten in 
Dahlem. Notizbl. Bot. Gart. und Mus. Berlin-Dahlem 7: 111, 112. 
15 My 1917. 

Sedum aoikon, probably from Mexico. 

Uphof, J. C. T. Physiological anatomy of xerophytic selaginellas. 
New Phytol. 19: 1o1—-131. f. 1-12. 10 Jl 1920. 

Vaupel, F. Echinocactus Ottonis Lk. et Otto. Monatschr. Kakteenk. 
29: 124. N 1920. [Illust.] 

Vaupel, F. Melocactus hispaniolicus Vpl. spec. nov. Monatschr. 
Kakteenk. 29: 121. N Irgig. 

From Hispaniola. 

Vischer, W. Sur les Quaraibea Aubl. un genre de Bombacées a ovaire 
infére. Bull. Soc. Bot. Genéve 11: 199-210. f. I-5. 15 Je 1920. 
Includes Q. Chodati sp. nov. from Costa Rica. 

Wagner, R. Erlaiiterungen zu Plumiers Abbildung der Anzechites 
lappulacea (Lam.) Miers. Osterr. Bot. Zeitschr. 67: 337-345. f. 
I-3. I918. 











INDEX TO AMERICAN BOTANICAL LITERATURE 53 


Wakefield, E.M. On two species of Ovulariopsis from the West Indies. 
Kew Bull. Misc. Inform. 1920: 235-238. 1920. 

Two new species. 

Waldron, R.A. The peanut (Arachis hypogaea)—its history, histology, 
physiology and utility. Contr. Bot. Lab. Univ. Pennsylvania 4: 
301-338. pl. 79, 80. 1920. 

Walker, L. B. Developments of Cyathus fascicularis, C. striatus and 
Crucibulum vulgare. Bot. Gaz. '70: 1-24. pl. 6 +f. 1-3. 24 Jl 1920. 

Watson, E. E. Corylus rostrata. Addisonia 5: 25, 26. pl. 173. 30 Je 
1920. 

Weatherwax, P. A misconception as to the structure of the ear of 
maize. Bull. Torrey Club 47: 359-362. f. 1-6. 5 O 1920. 

Weatherby, C. A. A European primrose in New England. Rhodora 
22: 143. 235 1920. 

Primula officinalis in Connecticut. 

Weatherby, C. A. More interesting fern localities. Amer. Fern 
Jour. 10: 57-59. 29 Je 1920. 

Weatherby, C. A. Varieties of Pityrogramma triangularis. Rhodora 
22: 113-120. 3 Au 1920. 

Two new varieties. 

Weidman, R. H. A study of windfall loss of western yellow pine in 
selection cuttings fifteen to thirty years old. Jour. For. 18: 616-622. 
O 1920. 

Weingart, W. Cereus Jusbertii Rev. und Cereus Bonplandii Parm. var. 
brevispinus Gruson. Monatschr. Kakteenk. 29: 121-124. N 1919. 

Weingart, W. Die Grésse von Cereensamen. Monatschr. Kakteenk. 
29: 132. N 1919. 

Weir, J.R. Note on the pathological effects of blazing trees. Phyto- 
pathology 10: 371-373. 18 Au 1920. 

Weiss, H. B., & West, E. Fungous insects and their hosts. Proc. 
Biol. Soc. Wash. 33: 1-19. pl. 1. 24 Jl 1920. 

Wells, B. W. Early stages in the development of certain Pachypsylla 
galls on Celtis. Am. Jour. Bot. 7: 275-285. pl. 18. 6 Au 1920. 
Wherry, E. T. Observations on the soil acidity of Ericaceae and asso- 
ciated plants in the Middle Atlantic States. Proc. Acad. Nat. Sci. 

Philadelphia 72: 84-119. Je 1920. 

Wherry, E. T. Plant distribution around salt marshes in relation to 
soil acidity. Ecology 1: 42-48. Ja 1920. 

Wherry, E.T. A fruitless search for Asplenium fontanum in Pennsyl- 
vania. Am. Fern Jour. 10: 90-91. 1920. 
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Whipple, O. B. Line-selection work with potatoes. Jour. Agre 
Research 19: 543-573. 1S 1920. 

Whiting, A. L., & Hansen, R. Cross-inoculation studies with nodule 
bacteria of lima beans, navy beans, cowpeas, and others of the 
cowpea group. Soil Sci. 10: 291-300. O 1920. 
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